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DESCRIPTION 

AGENT FOR TREATING CHONDROMA AND CHONDROSARCOMA 
Technical Field 

The present invention relates to an agent for treating chondroma and chondrosarcoma 
containing a substance which inhibits binding of parathyroid hormone related peptide 
(parathyroid hormone related protein (PTHrP)) to its receptor. 

Background Art 

Parathyroid hormone related peptide (hereinafter referred to as "PTHrP") is a peptide 
discovered as a humoral factor produced by tumor cells in hypercalcemia in association with a 
malignant tumor. Further, PTHrP causes neoplastic hypercalcemia (Humoral hypercalcemia 
of malignancy; hereinafter referred to as "HHM") by promoting bone resorption by osteoclast 
and calcium reabsorption in renal tubules. 

It has been reported that PTHrP is produced not only in various neoplastic tissues but 
also in a wide variety of normal tissues throughout ontogeny including skin, central nerves, 
womb, placenta, mammary gland during breastfeeding, thyroid gland, parathyroid gland, 
adrenal gland, liver, kidney and bladder (see, for example, Non-patent Documents 1 and 2). 

PTHrP has physiological effects such as : control of differentiation and proliferation of 
cells, relaxation of smooth muscle, promotion of transplacental calcium transportation, 
promotion of apoptosis and causes clinical conditions such as hypercalcemia represented by 
HHM, hypophosphatemia. These effects of PTHrP are exhibited through the binding of 
PTHrP to PTH/PTHrP receptors mainly found in bone and kidney, which activates plural 
intracellular signaling systems. 

Meanwhile, the present inventors have already reported that PTHrP controls 
differentiation of cartilage cells from pre-hypertrophy stage to hypertrophy stage. As for the 
differentiation regulation of cartilage cells, participation of feedback between intracellular 
signaling of PTHrP and Indian hedgehog is suggested, but the mechanism through which 
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PTHrP effects on bone formation has not yet been elucidated (see, for example, Non-patent 
Documents 3 and 4). 

Many of the bones constituting the framework of a vertebrate animal are built by the 
ossification process called enchondral bone formation. In the enchondral bone formation, 
proliferated cartilage cells, while continuing differentiation, build an environment which 
facilitates bone to be formed, and finally they die and are replaced by bone. Apoptosis is 
proposed as a mechanism of the extinction of the cartilage cells in the enchondral bone 
formation (see, for example, Non-patent Documents 5 and 6). 

Apoptosis is controlled by the expression ratio of cell death inhibiting factor Bcl-2 and 
cell death inducing factor Bax in some cell systems. That is, whether a cell will be alive or 
dead is determined by the ratio of Bcl-2 and Bax in the cell. It has been revealed recently 
that the Bcl-2 gene is located downstream of the PTHrP gene in the signaling path which 
controls maturity of cartilage cells and that PTHrP increases expression of Bcl-2 (see, for 
example, Non-patent Document 7). 

Meanwhile, it has been reported that both the expressions of PTHrP and Bcl-2 are high 
in chondrosarcoma cells (see, for example, Non-patent Documents 8 and 9). 
Chondrosarcoma is a chondrogenetic malignant tumor and is the second most bone tumor after 
osteosarcoma. Because it has a bad response to chemotherapy or radiotherapy, it is chiefly 
treated by surgical excision. However, the prognosis of chondrosarcoma is not good in 
mesenchymal dedifferentiated chondrosarcoma in the grade m while it is comparatively good 
(65% of five-year probability of survival) in the case of Grades I and n. Accordingly, a new 
medical treatment method of improving the prognosis of chondrosarcoma is desired. 

On the other hand, it is already known that the antibody to PTHrP (hereinafter referred 
to as "anti-PTHrP antibody") is useful for treating HHM or cachexia resulting from PTHrP 
(see, for example, Patent Document 1 and Non-patent Document 10) and preventing progress 
of bone metastasis of cancer. However, the effect of PTHrP on chondroma, chondrosarcoma 
and the like has not been scarcely clarified and in addition, there is no report until now 
indicating the use of PTHrP or anti-PTHrP antibody in the treatment of chondroma or 
chondrosarcoma. 
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Patent Document 1 : 

JP Patent Publication (Kokai) No. 11-80025 A (1999) 
Non-patent Document 1: 

Burtis, W. J., Clin. Chem. 1992; 38: p2171-2183 
Non-patent Document 2: 

Stewart, A. F. & Broadus, A. E. J., Clin. Endocrinol. 1991; 71: pl410-1414 
Non-patent Document 3: 

Nakase T. et al., Histochem. Cell Biol. 2001; 1 16: p277-284 
Non-patent Document 4: 

Suda N. et al., Oral Dis. 1997; 3: p229-231 
Non-patent Document 5: 

Famum C. E., et al., Am. J. Anat. 1989; 186: p346-358 
Non-patent Document 6: 

Lewinson D. et al., Anat. Rec. 1992; 233: p504-514 
Non-patent Document 7: 

Amling M., et al., J. Cell Biol. 1997; 136: p205-213 
Non-patent Document 8: 

Amling M. et al., Verh. Dtsch. Ges. Pathol. 1998; 82: pl60-169 
Non-patent Document 9: 

Bovee J. V., et al., Lab. Invest. 2000; 80: pl925-1934 
Non-patent Document 10: 

Sato et al., J. bone & Mine. Res. 1993; 8: p849-860 

Disclosure of the Invention 

An object of the present invention is to provide a novel agent for treating chondroma 
and chondrosarcoma for improving the prognosis of chondroma or chondrosarcoma. 

In order to attain the above-mentioned object, the present inventors have conducted 
intensive studies and come to the conclusion that if PTHrP is inhibited and the expression of 
Bcl-2 in chondrosarcoma cells is decreased, apoptosis of the cells will be induced and the 



treatment of chondrosarcoma will be enabled. Further, the present inventors have discovered 
that by using a substance which inhibits binding of PTHrP and its receptor, chondroma and 
chondrosarcoma can be effectively controlled, and thus completed the present invention. 
That is, the present invention provides following (1) to (9): 

(1) An agent for treating chondroma and chondrosarcoma containing a substance which 
inhibits binding of parathyroid hormone related peptide to a receptor thereof. 

(2) The agent according to the above (1), wherein the substance is an antagonist of the 
parathyroid hormone related peptide receptor. 

(3) The agent according to the above (1), wherein the substance is an anti-parathyroid 
hormone related peptide antibody. 

(4) The agent according to the above (1), wherein the substance is a fragment and/or a 
modified antibody of an anti-parathyroid hormone related peptide antibody. 

(5) The agent according to the above (3) or (4), wherein the antibody is a monoclonal 
antibody. 

(6) The agent according to the above (3) or (4), wherein the antibody is a humanized or 
chimerized antibody. 

(7) The agent according to the above (6), wherein the humanized antibody is a humanized 
#23-57-137-1 antibody (a humanized antibody produced by hybridoma clone #23-57-137-1 
(internationally deposited as FERM BP-5631 on August 15, 1996 under the Budapest Treaty 
with International Patent Organism Depositary, National Institute of Advanced Industrial 
Science and Technology, an Independent Administrative Institution, located at Tsukuba 
Central C, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan)). • 

(8) A method of inducing apoptosis in chondroma and chondrosarcoma cells by 
administering a substance which inhibits binding of parathyroid hormone related peptide and a 
receptor thereof. 

(9) The method according to the above (8), wherein the substance is an anti-parathyroid 
hormone related peptide antibody. 

Hereinafter, the present invention will be described in detail. 
1 . Agent for treating chondroma and chondrosarcoma 



The present invention provides an agent for treating chondroma and chondrosarcoma 
containing a substance which inhibits binding of parathyroid hormone related peptide 
(parathyroid hormone related protein: PTHrP) and its receptor (PTHrP receptor) as an active 
ingredient. 

The "chondroma and chondrosarcoma" mean a chondrogenetic benign or malignant 
tumor in this specification. The "chondroma" is a benign tumor generated from mesodermal 
cells to be differentiated into cartilage, and includes enchondroma generated from medullary 
cavity, extraskeletal chondroma generated in soft tissue and having no connection with the 
bone or periosteum beneath the tissue, periosteal chondroma generated from periosteum or 
connective tissue of periosteum, parosteal chondroma, etc. The "chondrosarcoma" is a 
malignant tumor originating from cartilage cells, and includes central chondrosarcoma 
generated in the central part of the bone, peripheral chondrosarcoma generated from the 
cartilage cap of osteochondroma, chondrosarcoma derived from undifferentiated cells of 
mesenchymal origin having cartilage differentiation ability, etc. Some chondrosarcomas 
shift from chondromas and therefore the boundary therebetween is sometimes not clear, and 
for this reason, they are collectively referred to as "chondroma and chondrosarcoma" in this 
specification. 

In this specification, "PTHrP receptor" means a receptor which binds to PTHrP as is 
described, for example, in JP Patent Publication (Kohyo) No. 6-506598 A (1994), and does 
not discriminate whether or not the PTHrP receptor exists on a target organ (for example, bone 
or kidney). 

The "substance which inhibits binding of PTHrP and a PTHrP receptor" means either 
one or both substances which bind to PTHrP and prevents the PTHrP from binding to a PTHrP 
receptor and a substance which binds to a PTHrP receptor and prevents PTHrP from binding 
to the PTHrP receptor. Examples of the substance which falls under the former category 
include an anti-PTHrP antibody and examples of the substance which falls under the latter 
category include an antagonist to a PTHrP receptor (also referred to as PTHrP antagonist). 

The above-mentioned "anti-PTHrP antibody" may be of any origin, type (monoclonal 
or polyclonal,) or form as long as it binds to PTHrP and inhibits disintegration of tissue. The 



anti-PTHrP antibody includes, for example, humanized antibody, human antibody 
(W096/33735), chimeric antibody (JP Patent Publication (Kokai) No. 4-228089A (1992)), 
mouse antibody (for example, antibody produced by hybridoma #23-57-137-1 (#23-57-137-1 
antibody)), etc. Although the antibody may be a polyclonal antibody or a monoclonal 
antibody, a monoclonal antibody is more preferable for the purpose of the present invention. 

Although the above-mentioned "PTHrP antagonist" may be generally a polypeptide or 
a low molecule substance, it is not limited to these. The PTHrP antagonist includes, for 
example, polypeptides having PTHrP antagonist activity described in JP Patent Publication 
(Kokai) No. 7-165790A (1995), JP Patent Publication (Kohyo) No. 5-509098A (1993), 
Peptides (UNITED STATES) 1995, 16(6)1031-1037, Biochemistry (UNITED STATES) Apr. 
281992, 31 (16) 4026-4033 etc. Polypeptides in which at least one amino acid is deleted, 
added, replaced or inserted are included in the PTHrP antagonist of the present invention as 
long as they function as a PTHrP antagonist. 

Hereafter, an anti-PTHrP antibody is described as a suitable example of the "substance 
which inhibits binding of PTHrP and a PTHrP receptor" of the present invention. 
1 - 1 Anti-PTHrP antibody 

The anti-PTHrP antibody used in the present invention can be obtained as a polyclonal 
or monoclonal antibody using well-known means. In the present invention, a mammal 
derived monoclonal antibody is the preferred anti-PTHrP antibody. 

The above-mentioned mammal derived monoclonal antibody includes one produced by 
a hybridoma, and one produced by a host transformed with an expression vector which 
contains an antibody gene by a genetic engineering technique. These antibodies bind to 
PTHrP, thereby inhibiting PTHrP from binding to a PTH/PTHrP receptor, and can block 
signaling by PTHrP and inhibit biological activity of PTHrP. 

Suitable examples of such an antibody include #23-57-137-1 antibody produced by 
hybridoma clone #23-57-137-1, for example. 

The hybridoma clone #23-57-137-1 was internationally deposited as FERM BP-5631 
on August 15, 1996 under the Budapest Treaty with International Patent Organism Depositary, 
National Institute of Advanced Industrial Science and Technology, an Independent 



Administrative Institution, located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, 
Japan. 

1 -2 Antibody producing hybridoma 

The hybridoma which produces a monoclonal antibody is prepared according to a usual 
method as follows. That is, PTHrP is used as a sensitizing antigen to immunize an animal 
such as a mouse, and the resultant immunized cell is fused with a well-known parent cell by 
usual cell fusion method, and monoclonal antibody producing hybridomas are screened. 

The human PTHrP used as a sensitizing antigen for obtaining the antibody can be 
prepared based on the PTHrP gene / amino acid sequence disclosed in Suva, L. J. et al., 
Science (1987) 237, 893. That is, after inserting the gene sequence encoding the PTHrP into 
a well-known expression vector system to transform a suitable host cell, the target PTHrP 
protein is purified from the host cell or culture supernatant by a well-known method. 

As a sensitizing antigen besides the above-mentioned PTHrP protein, 34 peptides at 
N-end of PTHrP may be chemically synthesized and used. 

Mammals to be immunized with a sensitizing antigen are not particularly limited and 
preferably selected in consideration of compatibility with the parent cell to be used for cell 
fusion. Typically rodent animals (for example, mouse, rat, hamster, etc.) or rabbit, monkey, 
etc. may be used. 

The immunization of an animal with a sensitizing antigen is performed according to a 
well-known method. Examples of a general method include intraperitoneally or 
hypodermically injecting the sensitizing antigen to the mammal. Specifically, the sensitizing 
antigen is suitably diluted and suspended in PBS (Phosphate-Buffered Saline) or normal saline, 
etc., to which a suitable amount of usual adjuvant, for example, complete Freund's adjuvant is 
optionally added and emulsified, and then it is administered to a mammal a couple of times 
every 4 to 21 days. A suitable carrier may be used at the time of immunization with a 
sensitizing antigen. 

The animal is thus immunized, and after the antibody level in the serum is confirmed to 
rise to a desired level, immunized cells are extracted from the animal and subjected to cell 
fusion, and particularly, preferable immunized cells include splenic cells. 



An example of a parent cell would be another cell to be fused with the 
above-mentioned immunized cell. A mammalian myeloma cell is typically used as a parent 
cell. Various well-known cell lines are preferably used as the myeloma cell, for example, P3 
(P3x63Ag8.653) (J. Immnol. (1979) 123, 1548-1550), P3x63Ag8U.l (Current Topics in 
Microbiology and Immunology (1978) 81, 1-7), NS-1 (Kohler. G. and Milstein, C Eur. J. 
Immunol. (1976) 6, 511-519), MPC-11 (Margulies. D. H. et al., Cell (1976) 8, 405-415), SP 
2/0 (Shulman, M. et al., Nature (1978), 276, 269-270), FO (de St. Groth, S. F. et al., J. 
Immunol. Methods (1980) 35, 1-21), S194 (Trowbridge, I. S. J. Exp. Med. (1978) 148, 
313-323), R210 (Galfire, G. et al., Nature (1979) 277, 131-133), etc . 

The cell fusion of the above-mentioned immunized cell and a myeloma cell can be 
fundamentally performed according to a well-known method, for example, the method by 
Milstein et al. (Kohler. G. and Milstein, C, Methods Enzymol. (1981) 73, 3-46), etc. 

The above-mentioned cell fusion is carried out, for example, in the presence of a cell 
fusion accelerator in a usual nutrient culture solution. As this fusion accelerator, 
polyethyleneglycol (PEG), Hemagglutinating Virus of Japan (HVJ), and etc. are used. For 
example, if desired, an auxiliary agent such as dimethylsulf oxide may be added and used in 
order to enhance fusion efficiency. 

The ratio of the immunized cell and myeloma cell to be used can be arbitrarily set. 
Typically, the immunized cell is preferably used one to ten times to a myeloma cell. As a 
culture solution used for the above-mentioned cell fusion, RPMI1640 culture solution suitable 
for proliferation of the above-mentioned myeloma cell line, MEM culture solution, and the 
other usual culture solutions used for this kind of cell culturing can be used. Further, 
supplemental liquid to serum such as Fetal Bovine Serum (FCS) can be used together. 

Cell fusion can be performed by thoroughly mixing the predetermined amounts of the 
above-mentioned immunized cells and the myeloma cells in the above-mentioned culture 
solution, and a PEG solution (for example, about 1000 to 6000 in average molecular weight) 
warmed beforehand at about 37°C is added usually at a concentration of 30-60% (w/v) and 
mixed. Thereby, fusion cells (hybridomas) are formed. Next, a suitable culture solution is 
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successively added thereto. Centrifugation to remove the supernatant is repeated to remove 
the cell fusion agent which is not preferable for the growth of hybridomas. 

The thus obtained hybridoma is cultured for selection in a usual selection culture 
solution (culture solution containing hypoxanthine, aminopterin and thymidine), for example, 
HAT culture solution. The culturing in this HAT culture solution is continued for a sufficient 
period of time (usually several days to several weeks) so that the cells (non-fused cells) other 
than the hybridomas to be obtained may be annihilated. Subsequently, screening and single 
cloning of the hybridoma which produces the target antibody are performed using a traditional 
limiting dilution method. 

As mentioned above, in addition to the method for obtaining a hybridoma by 
immunizing an non-human animal with PTHrP, a hybridoma which produces a human antigen 
having PTHrP binding activity can be obtained by sensitizing a human lymphocyte with 
PTHrP in vitro and fusing the obtained sensitized lymphocyte with a myeloma cell derived 
from human and having permanent division ability (see JP Patent Publication (Kokoku) No. 
1-59878 B (1989)). In addition, PTHrP may be administered to a transgenic animal which 
has all the repertories of human antibody genes to obtain anti-PTHrP antibody producing cells 
and obtain a human antibody to PTHrP from the immortalized cells (see International Patent 
Publication Nos. W094/25585, W093/12227, WO92/03918 and WO94/02602). 

The thus prepared hybridoma which produces the monoclonal antibody can be 
passaged in a usual culture solution and can also be stored in liquid nitrogen over a long period 
of time. 

In order to obtain the monoclonal antibody from these hybridomas, a method in which 
such hybridomas are cultured according to a usual method to obtain the antibody from the 
culture supernatant is used. One can also administer hybridomas to a compatible mammal 
and proliferated to obtain the antibody from the ascitic fluid etc. The former method is 
suitable for obtaining highly pure antibody, while the latter method is suitable for mass 
production of an antibody. 
1-3 Recombinant antibody 
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In the present invention, recombinant antibody obtained by incorporating the antibody 
gene cloned from the hybridoma in a suitable vector and introducing and expressing it in a 
host can be used as a monoclonal antibody (see, for example, Vandamme, A. M. et al., Eur. J. 
Biochem. (1990) 192, 767-775, 1990). 

Specifically, mRNA encoding the variable (V) domain of anti-PTHrP antibody is 
isolated from the hybridoma which produces the anti-PTHrP antibody. Isolation of mRNA 
can be performed using mRNA Purification Kit (Pharmacia) etc. from total RNA prepared by 
a well-known method. Well known methods include for example: guanidine ultracentrifugal 
method (Chirgwin, J. M. et al., Biochemistry (1979)18, 5294-5299), AGPC method 
(Chomczynski, P. et al., Anal. Biochem. (1987) 162, 156-159), etc. The target mRNA can 
also be directly prepared by using QuickPrep mRNA Purification Kit (Pharmacia). 

Next, cDNA of the V domain of the antibody is synthesized from the obtained mRNA 
using a reverse transcriptase. Synthesis of cDNA can be performed using AMV Reverse 
Transcriptase First-strand cDNA Synthesis Kit (Seikagaku Corporation) etc. In addition, 
synthesis and amplification of cDNA can be performed by 5-RACE method (Frohman, M. A. 
et al., Proc. Natl. Acad. Sci. USA (1988)85, 8998-9002, Belyavsky, A. et al., Nucleic Acids 
Res. (1989) 17, 2919-2932) using 5'-Ampli FINDER RACE Kit (Clontech) and PCR, etc. 

Furthermore, the target DNA fragment is purified from the obtained PCR product and 
ligated with a vector DNA. The thus prepared recombination vector is introduced into E. coli, 
etc. and the desired recombination vector is prepared from the generated colonies. The 
nucleotide sequence of the target DNA is confirmed by a well-known method, for example, 
dideoxynucleotide chain termination method etc. 

Once the DNA encoding the V domain of the target anti-PTHrP antibody is obtained, it 
is incorporated into an expression vector containing DNA encoding the constant domain (C 
domain) of the desired antibody. 

On this occasion, the above-mentioned antibody gene must be incorporated into an 
expression vector so that it may be appropriately expressed under the control of an expression 
control domain, for example, an enhancer and a promoter. The target antibody gene is 
expressed by transforming the host cell with this expression vector. 
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Expression of the antibody gene can be performed by incorporating a DNA encoding 
the heavy chain (H chain) or the light chain (L chain) of the antibody separately into 
expression vectors to simultaneously transform the host cell, or alternatively by incorporating 
a DNA encoding the H chain and the light chain L chain into a single expression vector to 
transform the host cell (see W094/1 1523). 

Not only the host cell mentioned above but a transgenic animal can be used for the 
production of a recombinant antibody. For example, an antibody gene is inserted in a gene 
encoding a protein inherently produced in milk (goat p casein etc.) to prepare a fusion gene. 
A DNA fragment containing the fusion gene in which this antibody gene has been inserted is 
injected into an embryo of a goat, and this embryo is introduced into a female goat. The 
desired antibody can be obtained from milk produced by a transgenic goat delivered by the 
goat having received the embryo or its posterity. In order to increase the milk production 
containing the desired antibody produced by the transgenic goat at this time, a suitable 
hormone may be used for the transgenic goat (Ebert, K. M. et al., Bio/Technology (1994)12, 
699-702). 

1-4 Modified antibody (chimeric antibody, humanized antibody) 

In the present invention, besides the above-mentioned antibody, recombinant antibodies 
artificially modified for the purpose of reducing heterologous antigenicity to human etc., for 
example, a chimeric antibody and a humanized antibody can be used. These modified 
antibodies can be manufactured using the following methods : 

A chimeric antibody useful for the present invention can be obtained by ligating a DNA 
encoding the V domain of the antibody as mentioned above to a DNA encoding the C domain 
of human antibody, incorporating this into an expression vector, and introducing and 
expressing it in a host. 

A humanized antibody is also referred to as a reshaped human antibody, and means an 
antibody in which the complementarity determination region (CDR; complementarity 
determining region) of a non-human mammal. For example, a mouse antibody, is 
transplanted to the complementarity determination region of a human antibody. The 
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humanized antibody can be produced based on a common technique of recombination of genes 
(see Europe Patent Application Publication EP 125023 and WO96/02576). 

Specifically, a DNA sequence designed for connecting the CDR of a mouse antibody 
and the framework region (FR) of a human antibody is amplified by PCR method using as 
primers some oligonucleotides prepared so that they may have a portion overlapping to the 
end regions of both the CDR and FR. The desired humanized antibody can be obtained by 
connecting the obtained DNA to a DNA encoding the C domain of a human antibody, 
incorporating it in an expression vector, and introducing and expressing it in a host (see 
EP239400 and WO96/02576). 

As a framework region of the human antibody connected through the above CDR, a 
region is selected so that the CDR forms a good antigen binding site. If needed, the amino 
acid(s) in the framework region in the variable domain of the antibody may be replaced so that 
the complementarity determination region of the reshaped human antibody may form a 
suitable antigen binding site (Sato, K. et al., Cancer Res. (1993) 53, 851-856). 

As the C domain of a chimeric antibody and a humanized antibody, those of a human 
antibody is used, and for example, Cyl, Cy2, Cy3 or Cy4 can be used in the H chain and Ck 
and CX in the L chain. In addition, in order to improve the stability of an antibody or the 
production thereof, the C domain of the human antibody may be suitably modified. 

A chimeric antibody consists of a variable domain of an antibody derived from a 
mammal other than human and a constant domain derived from human. On the other hand, a 
humanized antibody consists of a complementarity determination region derived from a 
mammal other than human and the framework region and C domain derived from human. 
Since the humanized antibody has an reduced antigenecity in the human body, the humanized 
antibody is useful as an active ingredient of the inhibiting agent of the present invention. 

As a humanized antibody which can be used in the present invention, humanized 
#23-57-137-1 antibody can be mentioned. The humanized #23-57-137-1 antibody is the 
complementarity determination region of #23-57-137-1 antibody derived from a mouse 
connected to three FR fragments (FR1, FR2 and FR3) derived from human antibody 
HSU03868 (GEN-BANK, Deftos M. et al., Scand. J. Immunol., 39, 95-103, 1994) and FR 
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fragment (FR4) derived from human antibody S25755 (NBRF-PDB) for the L chain, and for 
the H chain, that connected to the framework region of human antibody S3 1679 (NBRF-PDB, 
Cuisinier AM et al., Eur. J. Immunol., 23, 1 10-1 18, 1993) and a part of amino acid residues in 
the framework region is replaced so that it may have antigen binding activity. 

As for the E. coli which has a plasmid containing DNA encoding L chain or H chain of 
humanized #23-57-137-1 antibody, E. coli which has a plasmid containing DNA encoding the 
H chain (Escherichia coli JM109 (hMBCl HcDNA/pUC19)) was internationally deposited as 
FERM BP-5629 and E. coli which has a plasmid containing DNA encoding the L chain 
(Escherichia coli JM109 (hMBClLqA/pUC19)) was internationally deposited as FERM 
BP-5630, respectively on August 15, 1996 under the Budapest Treaty with International Patent 
Organism Depositary, National Institute of Advanced Industrial Science and Technology, an 
Independent Administrative Institution, located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, 
Ibaraki, Japan. 
1-5 Modified antibody 

The antibody used in the present invention may be a fragment of an antibody or a 
modified substance thereof, as long as it binds with PTHrP and inhibits the activity of PTHrP. 
Examples of a fragment of an antibody include Fab, F(ab')2> Fv, or a single chain Fv(scFv) in 
which Fv of H chain or L chain was linked with a suitable linker. This fragment may be 
formed by treating the antibody with an enzyme, for example, papain or pepsin or may be 
prepared by constructing a gene encoding an antibody fragment, and introducing this into an 
expression vector and expressing it in a suitable host cell (see, for example, Co, M. S. et al., 
and J. Immunol.(1994) 152, 2968-2976, Better, M. & Horwitz, A. H. Methods in Enzymology 
(1989) 178, 476-496, Academic Press, Inc., Plueckthun, A. & Skerra, A. Methods in 
Enzymology (1989) 178, 476-496, Academic Press, Inc., Lamoyi, E., Methods in Enzymology 
(1989) 121, 652-663, Rousseaux, J. et al., Methods in Enzymology (1989)121, 663-669, Bird, 
R. E. et al., TIBTECH (1991) 9, 132 -137). 

The above-mentioned scFv can be obtained by linking a V domain of H chain and a V 
domain of L chain of an antibody. In this scFv, the V domain of H chain and the V domain 
of L chain are linked with a linker, preferably with a peptide linker (Huston, J. S. et al., Proc. 
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Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883). The V domain of H chain and the V domain 
of L chain in scFv may be derived from any one described in this specification as an antibody. 
As a peptide linker which joins V domains, any single chain peptide consisting of 12-19 amino 
acid residues, for example, can be used. 

The DNA encoding the scFv is prepared using as a template, the whole sequence of the 
DNAs encoding the H chain or the V domain of the H chain of the above-mentioned antibody, 
and the L chain or the V domain of the L chain, or DNA portion encoding the desired amino 
acid sequences. That is, it can be obtained by carrying out PCR amplification using a primer 
pair which specifies the both ends of this sequence, and then by further amplifying using a 
primer pair so that DNA encoding a peptide linker portion being linked at its both ends 
respectively to the H chain and the L chain. 

Once a DNA which encodes scFv is thus prepared, an expression vector containing the 
same and the host transformed with this expression vector can be obtained according to a usual 
method. And scFv can be obtained using this host according to a usual method. 

In addition, as for the fragment of the above-mentioned antibody, a gene corresponding 
thereto can be obtained similarly, and the fragment can be produced from a host transformed 
with this. The "antibody" in the present invention also encompasses these antibody 
fragments. 

The modified antibody can be obtained by subjecting the obtained antibody to a 
chemical modification. The modification method of such an antibody is already established 
in this field. Examples of the modified antibody include anti-PTHrP antibodies bound with 
various molecules such as polyethyleneglycol (PEG). The "antibody" in the present 
invention also encompasses these modified antibodies. 

1-6 Expression and production of recombinant antibody or modified antibody 

Expression and production of the recombinant antibody or the modified antibody can 
be attained by expressing the antibody gene constructed as mentioned above according to a 
well-known method. In such an expression system, both eukaryotic and prokaryotic cell 
systems can be used. 
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Examples of the eucaryotic cell include animal cells such as an established mammal 
cell system, insect cell system, filamentous fungi and yeast cell, etc. Examples of the 
procaryotic cell include bacteria cells such as E. coli cell. 

In the case of E. coli, plasmids derived from E. coli (pBR322, pBR325, pUC18, 
pUC119, pTrcHis, pBlueBacHis, etc.), X phage, etc. can be used for example as a vector for 
the introduction and expression of the target gene. 

For the expression of the gene in E. coli, a useful promoter regularly used, a signal 
sequence for the antibody secretion and the antibody gene to be expressed should be 
functionally linked. Examples of the promoter include lacz promoter and araB promoter. 
The expression can be effected according to the method by Ward et al. (Nature (1098)341, 
544-546; FASEB J.(1992) 6, 2422-2427) when the lacz promoter is used, or according to the 
method by Better et al. (Science (1988)240, 1041-1043) when the araB promoter is used. 

As a signal sequence for antibody secretion, pelB signal sequence (Lei, S. P. et al. J. 
Bacteriol. (1987) 169, 4379) may be used, if it is the case where it is produced by periplasm of 
E. coli. The antibody produced by periplasm is separated and then used by appropriately 
refolding the structure of the antibody. 

In addition, the expression vector can include a selection marker if needed. Examples 
of the selection marker include dihydrofolate reductase gene and drug resistance genes such as 
ampicillin resistance gene, neomycin resistance gene, etc. 

Preferably, the antibody used in the present invention is expressed in a mammal cell, 
for example, CHO, COS, myeloma, BHK, Vero and HeLa cell. 

In the case of a mammalian cell, as a vector for the introduction and expression of the 
target gene, those derived from viruses such as SV 40, polyoma virus, adenovirus virus and 
bovine papilloma virus (BPV) can be used. 

For the purpose of expressing the antibody gene in a host cell, a useful promoter 
regularly used, the antibody gene to be expressed and a poly A signal on the 3' side 
downstream thereof must be linked functionally. Examples of this promoter/enhancer 
include human cytomegalovirus immediate early promoter/enhancer. 
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In addition to this, examples of the promoter/enhancer which can be used for the 
antibody expression used in the present invention include viral promoters/enhancers such as 
retrospective virus, polyoma virus, adenovirus virus and simian virus 40 (SV 40) as well as 
promoters/enhancers derived form mammalian cells such as human elongation factor la 
(HEFla). 

Gene expression can be easily performed according to the method by Mulligan et al. 
(Nature (1979) 277, 108) in the case where the above-mentioned SV 40 promoter/enhancer is 
used or according to the method by Mizushima et al. (Nucleic Acids Res. (1990) 18, 5322) in 
the case where HEFla promoter/enhancer is used. 

The expression vector can contain aminoglycoside transferase (APH) gene, thymidine 
kinase (TK) gene, adenosine deaminase (ADH) gene, hygromycin B phosphotransferase 
(HPH) gene, dihydrofolate reductase (dhfr) gene, etc. as a selection marker if needed. 

The transformed host cells are cultured either in vitro or in vivo to produce the target 
antibody. Culturing of host cells can be performed according to a well-known method. For 
example, DMEM, MEM, RPMI1640 and IMDM can be used as a culture solution, and as long 
as it is required, a serum supplementary liquid such as Fetal Bovine Serum (FCS) can be used 
together. 

1-7 Separation and purification of antibody 

The expressed and produced antibody as mentioned above is separated from a cell or a 
host animal and purified as a homogeneous antibody. Separation and purification of the 
antibody used in the present invention can be performed using affinity column. Examples of 
such a column include Hyper D, POROS, Sepharose F. F. (Pharmacia), etc. which are columns 
using protein A. In addition, any method of separation and purification used for usual protein 
can be used if needed. For example, the antibody can be separated and purified by suitably 
selecting and combining chromatography columns other than the above-mentioned affinity 
column, filter, ultrafiltration, salting out, dialysis, etc. (Antibodies A Laboratory Manual. Ed 
Harlow, David Lane, Cold Spring Harbor Laboratory, 1988). 
1-8 Confirmation of activity of antibody 
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A well-known means can be used for measurement of the antigen binding activity 
(Antibodies A Laboratory Manual. Ed Harlow, David Lane, Cold Spring Harbor Laboratory, 
1988), inhibitory activity against ligand-receptor binding (Harada, A. et al., International 
Immunology (1993) 5, 681-690) of the antibody used in the present invention. 

As a method of measuring the antigen binding activity of the anti-PTHrP antibody used 
in the present invention, ELISA (enzyme-linked immunosorbent assay), EIA (enzyme 
immunoassay) and RIA (radioimmunoassay), or a fluorescence antibody method can be used. 
For example, when using an enzyme immunoassay, the sample which contains an anti-PTHrP 
antibody, for example, a culture supernatant of an anti-PTHrP antibody producing cells or the 
purified antibody is added to the plate coated with PTHrP (1-34). The secondary antibody 
labeled with an enzyme such as alkaline phosphatase is added, and after the plate is incubated 
and washed, a substrate of the enzyme such as p-nitrophenyl phosphate is added and the 
absorption is measured to estimate the antigen binding activity. 

In order to confirm the activity of the antibody used in the present invention, the 
neutralization activity of the anti-PTHrP antibody is measured. 
1-9 The administration method and preparation 

Although the agent for treating chondroma and chondrosarcoma which contains the 
anti-PTHrP antibody of the present invention as an active ingredient can be either 
administered orally or parentally, but parental administration is preferable. Specifically, 
examples of a suitable dosage form include a transpulmonary dosage form (for example, 
transpulmonary administration agent using instruments such as nebulizer), a transnasal 
administration dosage form, a transcutaneous administration dosage form (for example, 
ointment, cream agent), an injection dosage form, etc. Examples of the injection dosage 
form include intravenous infusion, for example, drip and the like, intramuscular injection, 
intraperitoneal administration, hypodermic injection, etc. thereby, systemic or local 
administration can be performed. Administration method can also be suitably selected 
according to the age and condition of a patient. 

The effective amount of administration of the agent of the present invention is usually 
selected from the range of Q.001 to 1000 mg per 1 kg of body weight per time. Or 
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alternatively, it is selected from the range of 0.01 to 100000 mg/body. However, the amount 
of administration of the agent for treating chondroma and chondrosarcoma containing the 
anti-PTHrP antibody of the present invention is not limited to these ranges. 

Although the diseases which can be the object for which the agent of the present 
invention is administered are chondroma and chondrosarcoma, they encompass chondroma 
and chondrosarcoma associated or concurred with the other diseases. 

The agent of the present invention induces differentiation and apoptosis of a 
chondroma and chondrosarcoma cell, and thereby kills the cell and controls chondroma and 
chondrosarcoma. 

The time to administrate the agent of the present invention may be either before or after 
the clinical condition of the above-mentioned disease arises, and it may be preventively 
administered or sustainingly administered. 

The agent which contains the anti-PTHrP antibody of the present invention as an active 
ingredient can be formulated according to a usual method (Remington's Pharmaceutical 
Science, latest edition, Mark Publishing Company, Easton, U.S.), and may contain 
pharmaceutical^ accepted carriers and additives as well. 

Examples of such carriers and pharmaceutical additives include: water, 
pharmaceutically accepted organic solvents, collagen, polyvinyl alcohol, polyvinylpyrrolidone, 
carboxy vinyl polymer, sodium carboxymethylcellulose, sodium polyacrylate, sodium alginate, 
water-soluble dextran, sodium carboxymethyl starch, pectin, methylcellulose, ethyl cellulose, 
xanthan gum, gum arabic, casein, agar, polyethyleneglycol, diglycerol, glycerin, propylene 
glycol, vaseline, paraffine, stearyl alcohol, stearin acid, human serum albumin (HSA), 
mannitol, sorbitol, lactose, and surfactant accepted as pharmaceutical additives. 

Although the particular additives may be selected alone or in combination with the 
above according to the dosage form of the agent of the present invention, they are not limited 
to this particular list. For example, when the preparation is used as a formulation for 
injection, the purified anti-PTHrP antibody can be dissolved in a solvent, for example, saline, 
buffer solution, glucose solution, etc., and can be used in combination with an absorption 
preventing agent, for example, Tween80, Tween20, gelatin, human serum albumin, etc. added 
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thereto. Alternatively, the preparation may be freeze-dried to create a dosage form to be 
dissolved and reconstructed prior to use, and as an excipient for freeze-drying, a sugar alcohol 
and a sugar such as mannitol and glucose can be used, for example. 

2. Method for inducing apoptosis to chondroma and chondrosarcoma cells 

The present invention also provides a method of inducing apoptosis to chondroma and 
chondrosarcoma cells by administering a substance which inhibits binding of a parathyroid 
hormone related peptide and a receptor thereof. 

"Apoptosis" as used herein means the cell death caused by the cell itself under 
physiological conditions. Apoptosis is morphologically characterized by chromatin 
condensation, fragmentation of nucleus and atrophy of a cell by condensation of cytoplasm, 
and it is not accompanied by discharge of the contents of the cell. At this point, apoptosis is 
clearly distinguished from the necrosis accompanied by discharge of the contents of the cell. 

In the method of the present inventor, "the substance which inhibits binding of 
parathyroid hormone related peptide and a receptor thereof is preferably an anti-parathyroid 
hormone related peptide antibody. Fragments and/or modified substances thereof are also 
contained in this antibody, and the antibody is preferably a monoclonal antibody. 
Furthermore, if it is the case where the antibody is used for human chondroma and 
chondrosarcoma cell, the antibody is preferably a humanized antibody or a chimerized 
antibody. Suitable examples of such an antibody include humanized #23-57-137-1 antibody, 
for example. Although the mechanism by which apoptosis is induced in chondroma and 
chondrosarcoma cells by the method of the present invention is not clear, it is presumed that 
activation of caspase-3 and/or expression control of Bcl-2/Bax which closely relates to 
apoptosis may mediate apoptosis. 

This specification incorporates the contents disclosed in the specification and/or 
drawings of the Japanese Patent Application No. 2002-334081 from which the present 
application claims priority. 



Brief Description of the Drawings 
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Figure 1 is a graph showing the effect of anti-PTHrP MoAb on the cell viability; 

Figure 2 is a graph showing the effect of caspase-3 inhibitory agent (DEVD-CHO) on 
the viability of an anti-PTHrP MoAb treated cell; 

Figure 3 shows the results of Western blotting, in which a) PARP, b) procaspase-3, c) 
Bcl-2, d) Bax, e) collagen type X, f) p-actin; Each column corresponds to the anti-PTHrP 
MoAb concentration 0, 10, 30, 50, 100, and 200 \ig/ml 9 respectively from the left to the right; 

Figure 4 shows the results of the immunocytochemistry using the anti-collagen type X 
antibody, in which A: untreated, B: treated with 10 jag/ml of anti-PTHrP MoAb, C: treated 
with 100 jig/ml anti-PTHrP MoAb, D-F: treated with 200 jag/ml anti-PTHrP MoAb (A-D: 
x200, E: x400); 

Figure 5 shows the results of TUNEL staining, in which A: untreated, B: treated with 
10 jag/ml anti-PTHrP MoAb, C: treated with 100 ^g/ml anti-PTHrP MoAb, and D-F: treated 
with 200 jig/ml anti-PTHrP MoAb (A-D: x200, E: x400, F: x600); 

Figure 6 shows the results of RT-PCR in the cells treated with anti-PTHrP MoAb and 
untreated cells (wherein the vertical axis is anti-PTHrP MoAb concentration); and 

Figure 7 shows the results of DNA fragmentation assay in the cells treated with 
anti-PTHrP MoAb and untreated cells. 

Best Mode for Carrying Out the Invention 

The present invention will be described more specifically below by way of Examples 
and Referential Examples. The technical scope of the present invention, however, is not 
limited to these Examples, etc. 

[Example 1] Effect of an anti-PTHrP antibody on chondrosarcoma cell (HTB-94) 

1. Test method 

1 . 1 Culturing of cells 

Human chondrosarcoma cell HTB-94 (ATCC) was suspended in Dulbecco's Modified 
Eagle's Medium (DMEM) containing 10% FBS, L-glutamine, penicillin-streptomycin (all are 
available from GIBCO-BRL), and was cultured and proliferated at 37°C under 5% C0 2 wet 
condition. 
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1.2 Preparation of mouse monoclonal antibody to human PTHrP (1-34) 

The mouse monoclonal antibody (hereinafter referred to as "anti-PTHrP MoAb") to 
human PTHrP (1-34: peptide which consists of 1-34 amino-acid sequence of PTHrP) was 
prepared from hybridoma ##23-57-137-1 (FERM BP-5631; JP Patent Publication (Kokai) No. 
11 -092500 A (1999)). The general procedure of hybridoma preparation is described in 
Referential Example 1 . 

1.3 Viability of cells 

HTB-94 cells (lxlO 4 cells/well in 100 ^iL) were incubated for two days in a DMEM 
culture medium containing anti-PTHrP MoAb (0, 10, 100, or 200 jag/ml), and the viability of 
the cells was evaluated by Premix WST-1 Cell Proliferation Assay System (TAKARA 
SHUZO). That is, reduction ratio of tetrazolium salt (WST-1) by viable cells was determined 
from the increase in OD450, and it was considered as the index of the number of viable cells. 

Similarly, viability of the cells which were treated with a caspase-3 inhibitory agent 
DEVO-CHO (20 \iM (Calviochem)) 2 hours before the addition of anti-PTHrP MoAb was 
also evaluated. 

1 .4 Western blotting 

HTB-94 cells were treated for two days with anti-PTHrP MoAb (0, 10, 30, 50, 100, and 
200 |-ig/ml). In the experiment with regard to the following collagen type-X, the cells were 
treated by anti-PTHrP MoAb for further five days (for total seven days). All the cell lysates 
(50 \xg as protein) of the above-mentioned cells were separated by SDS-PAGE using 12% gel 
and blotted on a nitrocellulose film (Bio-Rad Laboratories). The blocked film was incubated 
together with an anti-procaspase-3 antibody (Wako Pure Chemical) diluted to 1/100, an 
anti-PARP antibody, an anti-Bcl-2 antibody and an anti-Bax antibody (both from Santa Cruz 
Biotechnology), an anti-collagen type X antibody (Calbiochem-Novabiochem Coiporation) 
and a peroxidase conjugated secondary antibody (Amersham) diluted to 1/1000. 

Here, PARP (poly(ADP-ribose) polymerase) is an enzyme important for the survival in 
a cell, and caspase-3 causes cleavage of this PARP. The above-mentioned anti-PARP 
antibody is an antibody which recognizes 116kDa and 85Da PARP fragments but does not 
recognize 25kDa fragment. Procaspase-3 is an inactive caspase having no caspase activity. 
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Detection was performed using ECL Western blotting detection system (Amersham). 
Each blot was further re-detected by ECL using anti-J3-actin antibody (Santa Cruz 
Biotechnology) and the peroxidase conjugated secondary antibody. The results are shown in 
Figure 3. 

1 .5 Immunocytochemistry 

1) Analysis using anti-collagen type X antibody 

Immunocytochemistry was performed by streptavidin-peroxidase method using 
histofine SAB-PO kit (NICHEREI). That is, HTB-94 cells were cultured until they became 
50% confluent on a chamber slide, treated with anti-PTHrP MoAb (0, 10, 100, or 200 ^ig /ml), 
cultured for further seven days. Subsequently, the cells were transferred to 3%H 2 0 2 
methanol to block endogenous peroxidase activity, washed with PBS (pH 7.2), and then 
blocked with PBS containing normal 10% serum (secondary antibody) of the congeneric 
origin in order to make the background minimum and incubated with anti-collagen type X 
antibody (primary antibody) at room temperature for 2 hours. Afterwards the cells were 
washed with PBS, incubated with the secondary antibody at room temperature in a wet 
chamber for 20 minutes, and incubated with peroxidase conjugated streptavidin (NICHIREI) 
for 20 minutes under the same conditions. Finally, coloring reaction was performed with 
3,3-diaminobenzidine tetrahydrochloride (DAB) reagent (Dojindo). The cells were 
counterstained with hematoxylin and microscopically observed at 200-fold and 400-fold 
magnification. The results are shown in Figure 4. 

2) TUNEL staining 

TUNEL staining was performed using Apoptag Peroxidase Kit (Intergen Company). 
That is, after HTB-94 cells (0, 10, 100, or 200 jag/ml) were treated with anti-PTHrP MoAb for 
two days, they were treated with methanol containing 0.3%H 2 O 2 for 20 minutes and 
equilibrated in an end nucleotide transferase (TdT) buffer at room temperature for 15 minutes. 
Subsequently, the cells were incubated with a TdT reaction mixture (TdT solution + 
digoxigenin-ll-dUDP and dATP) at 37°C for 60 minutes, and further incubated with 
peroxidase conjugated anti- dioxygenin antibody at room temperature for 30 minutes. The 
cells were stained with DAB and then counterstained with Mayers hematoxylin and 
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microscopically observed at 200-fold, 400-fold and 600-fold magnification. The results are 
shown in Figure 5. 
1.6 RT-PCR 

Total RNA was extracted from HTB-94 cells (control and treated with 100 ^ig/ml 
anti-PTHrP MoAb for two days) using ISOGEN. cDNA was synthesized from a mixture 
containing 2 jig of total RNA using (dT)12-18 primer and 200 units of Superscript II reverse 
transcriptase (GDBCO BRL) at 37°C for 60 minutes. 

PCR of cDNA was performed using Ready-to-Go PCR beads (Pharmacia) and primers 
for human Bcl-2, Bax, Ihh, ColX (al) and (3-actin amplification (12.5 pmol(s) each), 
human Bcl-2(PCR product 235 bp) 

sense: 5 -CAGATGCACC TGACGCCCTT-3' (SEQ ID No. 76) 
antisense: 3'-CCCAGCCGTG GTTATCCTGGA-3' (SEQ ID No. 77) 
human Bax(PCR product 224 bp) 

sense: 5 '-GTCCACCAAG AAGCTGAGCG-3' (SEQ ID No. 78) 
antisense: 3'-TTGGTGCACA GGGCCTTGAG-3' (SEQ ID No. 79) 
human Collagen type X (PCR product 288 bp) 
sense: 5-CAGGAAAACC AGGTCTCGAT G-3' (SEQ ID No. 80) 
antisense: 3-TTGAGGCCCT TAGTTGCTAT G-3' (SEQ ID No. 8 1) 
human Collage type H(PCR product 351 bp) 

sense: 5-AGAGTGCTGC CCCATCTGCC CAACTGACCT-3' (SEQ ID No. 82) 
antisense: 3 '-CATTACTCCC AACTGGGCGC CACCAGCCTT-3' (SEQ ID No. 83) 
human p-actin: PCR product 320 bp 

sense: 5 '-CGGACTCGTC ATACTCCTGC TT-3' (SEQ ID No. 84) 
antisense: 3'-CACTCTTCCA GCCTTCCTTC C-3' (SEQ ID No. 85) 

Amplification was performed using Perkin-Elmer/Cetus DNA Thermal Cycler 
(TAKARA SHUZO) on the conditions of 30 cycles each of 94°C, 0.5 min; 55°C, 0.5 min; 
72°C, 0.5 min and last extension reaction at 72°C for 7 minutes. 

Electrophoresis of the obtained PCR product (10 jliL) was carried out on a 4% agarose 
gel, and stained and observed with ethidium bromide. The results are shown in Figure 6. 
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1 .7 DNA fragmentation assay 

After HTB-94 cells (lxlO 7 ) were treated with anti-PTHrP MoAb (0, 10 and 200 ng/ml) 
for two days, they were washed with PBS and DNA was isolated using Apopladder Ex kit 
(TAKARA SHUZO). That is, the cells were dissolved in a dissolution buffer, DNA was 
isolated, extracted with an organic solvent and ethanol precipitation was carried out. The 
precipitated DNA was centrifuged (12,000 g, 10 min) and then washed with 80% ethanol, and 
dissolved in 30 jal of TE buffer. Each sample (10 jal) was subjected to electrophoresis on a 
1.2% agarose gel, and stained with ethidium bromide. The results are shown in Figure 7. 

2. Test results 

2.1 Cell viability 

The viability of HTB-94 cell was inhibited depending on the concentration of 
anti-PTHrP MoAb (Figure 1). Moreover, DEVD-CHO which is a specific inhibitor of 
caspase-3 inhibited the effect of this anti-PTHrP MoAb. The viability of cells is higher for 
those treated rather than those not treated with caspase-3. In the drawing, the number of 
viable cells in each concentration is shown by % to control (untreated). 

2.2 Western blotting 

a) Although the 85 kDa fragment of PARP increased depending on the concentration for 
HTB-94 cells treated with Anti-PTHrP MoAb, increase was not confirmed in untreated cells. 
Although low molecular weight fragments were slightly confirmed in any cell, these were 
considered to be spontaneousy decomposed from PARP. 

b) Although procaspase-3 (35 kDa) was also detected, it was decreased in the 
high-concentration anti-PTHrP MoAb (100 and 200 ^ig/ml) treated cells. This is considered 
to be attributable to active heterodimers resulted from cleavage of procaspase-3 with 
anti-PTHrP MoAb treatment. 

c) Bcl-2 decreased as the concentration of anti-PTHrP MoAb increased. 

d) Bax increased as the concentration of anti-PTHrP MoAb increased. 

e) There was more collagen type X in the cells treated with Anti-PTHrP MoAb than in 
untreated cells and the maximum was 50 |ng/ml concentration of anti-PTHrP MoAb. 
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f) As for p-actin, there was little difference in the amount of expression in any cell. 

2.3 Immunocytochemistry 

1) Analysis using anti-collagen type X antibody 

The ratio of stained HTB-94 cells increased depending on the concentration of 
anti-PTHrP MoAb. Among the cells treated with Anti-PTHrP MoAb (particularly at high 
concentration), a number of cells which roundly expanded were observed (Figure 4). There 
are many reports that cartilage cells become expanded as differentiation proceeds, and that the 
expression of collagen type X antibody is high in these expanded cartilage cells. Therefore, 
the above-mentioned result shows that differentiation of HTB-94 cells was promoted by 
anti-PTHrP MoAb treatment. 

2) TUNEL staining 

HTB-94 cells stained brown are cells in apoptosis. The frequency of appearance 
increased depending on the concentration of anti-PTHrP MoAb. Furthermore, in the cell 
after Anti-PTHrP MoAb treatment, morphological changes of contraction and round outline 
were also recognized (Figure 5). This morphological change is characteristic of apoptosis. 
Therefore, the above-mentioned results show that the apoptosis of HTB-94 cells was promoted 
by anti-PTHrP MoAb treatment. 

2.4 RT-PCR 

The amount of expression of Bax and Collagen type II increased while the amount of 
expression of Bel -2 decreased by anti-PTHrP MoAb treatment. There was no change in the 
amount of expression of collagen type II and p-actin. 

2.5 DNA fragmentation assay 

Fragmentation of DNA in nucleosome specific to apoptosis was observed in the cells 
treated with 10 jig/ml and 200 ^ig/ml of anti-PTHrP MoAb. On the other hand, 
fragmentation was not observed in untreated cells. 

3. Consideration 
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From the above result, it was proved that differentiation and apoptosis of HTB-94 cells 
were induced by anti-PTHrP MoAb treatment. This effect strongly supports that anti-PTHrP 
MoAb can be useful as an agent of chondroma and chondrosarcoma. 

It is reported that proteins important for cell maintenance like PARP are cleaved with 
activated caspase-3 in apoptosis leading to cell death. That is, the above-mentioned results 
suggest that anti-PTHrP MoAb induces apoptosis mediated by Bcl-2/Bax and caspase-3 and 
inhibits proliferation of HTB-94 cell. 

[Referential Example 1] Preparation of hybridoma producing anti-PTHrP (1-34) mouse 
monoclonal antibody 

Hybridomas #23-57-154 and #23-57-137-1 which produce monoclonal antibody to 
human PTHrP (1-34) were produced as follows (Sato, K. et al., J. Bone Miner. Res. 8, 
849-860, 1993). The amino acid sequence of human PTHrP (1-34) is shown in the SEQ ID 
No. 75. 

In order to use as an immunogen, a career protein, silo globulin was linked with PTHrP 
(1-34) (product of Peninsula) using carbodiimide (Dojinn). PTHrP (1-34) linked with silo 
globulin was dialyzed and adjusted to 2 fig/ml as a protein concentration, it was mixed with 
Freund's adjuvant (Difco) by 1:1, and after an emulsion was prepared, 16 female BALB/C 
mice were immunized with 100 jig per animal 11 times hypodermically on the back or 
interperitoneally. Complete Freund's adjuvant was used for the first time immunization, and 
incomplete Freund's adjuvant was used for the additional immunization of the second time and 
thereafter. 

Measurement of antibody value in the serum of the immunized mouse was carried out 
by the following method. That is, the blood was collected from the mouse tail vein, and after 
the serum was separated, the anti-serum diluted with RIA buffer and 125 I labeled PTHrP (1-34) 
were mixed, and binding activity was measured. The mice with elevated antibody value 
were subjected to the final immunization using 50 \xg per animal of PTHrP (1-34) not bound 
with career protein by interperitoneal injection. 

The mouse was slaughtered on the third day of the final immunization. The mouse's 
spleen was removed and the cell fusion of the spleen cell and mouse myeloma cell line 
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P3x63Ag8U.l was carried out according to a usual method using 50% polyethyleneglycol 
4000. The fused cells were seeded on 85 sheets of 96-well plate with the number of cells of 
2x 10 4 /well. Selection of hybridomas was performed using HAT culture medium. 

Screening of hybridomas was performed by measuring and selecting the existence of a 
PTHrP recognizing antibody by applying solid phase RIA method to the culture supernatant of 
the wells where growth was recognized in HAT culture medium. Hybridomas were collected 
from the wells where binding ability with an antibody was recognized, suspended to the 
culture medium prepared by adding OPI-supplement (Sigma) to the RPMI-1640 culture 
medium containing FCS 15%, and the hybridomas was simplified by the limiting dilution 
method. Clones #23-57-154 and #23-57-137-1 with strong binding ability with PTHrP 
(1-34) were obtained. 

As mentioned above, hybridoma clone #23-57-137-1 was internationally deposited as 
mouse-mouse hybridoma #23-57-137-1 under FERM BP-5631 on August 15, 1996 under the 
Budapest Treaty with International Patent Organism Depositary, National Institute of 
Advanced Industrial Science and Technology, an Independent Administrative Institution, 
located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan. 

[Referential Example 2] Cloning of DNA encoding the V domain of the mouse monoclonal 
antibody to human PTHrP (1-34) 

The cloning of the DNA encoding the variable domain of mouse monoclonal antibody 
#23-57-137-1 to human PTHrP (1-34) was carried out as follows. 

( 1 ) Preparation of mRN A 

mRNA from hybridoma #23-57-137-1 was prepared using Quick Prep mRNA 
Purification Kit (Pharmacia Biotech). The cells of hybridoma #23-57-137-1 was completely 
homogenized with an extraction buffer, mRNA was purified in oligo(dT)-Cellulose Spun 
Column according to the instructions appended to the kit, and ethanol precipitation was 
performed. The mRNA sediment was dissolved in an elution buffer. 

(2) Production and amplification of cDNA of a gene encoding the V domain of the mouse 
H chain 

(i) Cloning of #23-57-137-1 antibody H chain V domain cDNA 
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The cloning of the gene encoding the V domain of the H chain of mouse monoclonal 
antibody to human PTHrP was performed by 5-RACE method (Frohman, M. A. et al., Proc. 
Natl. Acad. Sci. USA, 85, 8998-9002, 1988; Belyavsky, A. et al., Nucleic Acids Res. 17, 
2919-2932, 1989). The 5-RACE method was carried out using 5-Ampli FINDER RACE kit 
(CLONETECH) and operations according to the instructions appended to the kit. As a 
primer to be used for cDNA synthesis, MHC2 primer (SEQ ID No. 1) which hybridizes with 
the constant domain (C domain) of mouse H chain was used. Ten (10) pmoles of MHC2 
primer was added using as a template about 2 ^ig of mRNA prepared as mentioned above, and 
reverse transcription to cDNA was performed by reacting at 52°C for 30 minutes with a 
reverse transcriptase. 

After hydrolyzing RNA with 6N NaOH (65°C, 30 minutes), cDNA was purified by 
ethanol precipitation. Ampli FINDER Anchor (SEQ ID No. 42) was linked to 5'-end of the 
synthesized cDNA by reacting with T4RNA ligase at room temperature for 6 hours and at 
37°C for 16 hours. This was used as a template and amplified by PCR using Anchor primer 
(SEQ ID No. 2) and MHC-G1 primer (SEQ ED No. 3) (S. T. Jones, et al., Biotechnology, 9, 88, 
1991). 

PCR solution contains 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 0.25 mM dNTPs (dATP, 
dGTP, dCTP, and dTTP), 1.5 mM MgCl 2 , 2.5 units of TaKaRa Taq (TAKARA SHUZO), 10 
pmoles of Anchor primer and 1 jj.1 of reaction mixture of cDNA to which MHC-G1 primer and 
Ampli FINDER Anchor were linked in 50 jj.1 of the solution. To this solution 50 ^1 of a 
mineral oil layer was blanketed. PCR was performed using Thermal Cycler Model 480J 
(Perkin Elmer) with 30 times of the temperature cycle consisting of 94°C for 45 seconds, 60°C 
for 45 seconds and 72°C for 2 minutes. 

(ii) Cloning of cDNA of #23-57- 1 37- 1 antibody L chain V domain 
The cloning of the gene encoding the V domain of the L chain of mouse monoclonal 
antibody to human PTHrP was performed by 5-RACE method (Frohman, M. A. et al., Proc. 
Natl. Acad. Sci. USA, 85, 8998-9002, 1988; Belyavsky, A. et al., Nucleic Acids Res. 17, 
2919-2932, 1989). The 5'-RACE method was carried out using 5-Ampli FINDER RACE kit 
(CLONETECH) and operations according to the instructions appended to the kit. As a 
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primer to be used for cDNA synthesis, oligo-dT was used. The oligo-dT primer was added 
using as a template about 2 ^ig of mRNA prepared as mentioned above, and reverse 
transcription to cDNA was performed by reacting at 52°C for 30 minutes with a reverse 
transcriptase. 

After hydrolyzing RNA with 6N NaOH (65°C, 30 minutes), cDNA was purified by 
ethanol precipitation. The above-mentioned Ampli FINDER Anchor was linked to 5'-end of 
the synthesized cDNA by reacting with T4RNA ligase at 37°C for 6 hours and at room 
temperature for 16 hours. 

A PCR primer MLC (SEQ ID No. 4) was designed from the conserved sequence of a 
mouse L chain X chain constant domain, and synthesized using 394 DNA/RNA Synthesizer 
(ABI company). PCR solution contains 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 0.25 mM 
dNTPs (dATP, dGTP, dCTP, and dTTP), 1.5 mM MgCl 2 , 2.5 units of AmpliTaq (PERKIN 
ELMER), 50 pmoles of Anchor primer (SEQ ID No. 2) and 1 jal of reaction mixture of cDNA 
to which MLC (SEQ ID No. 4) and Ampli FINDER Anchor were linked in 100 p.1 of the 
solution. To this solution 50 ^1 of a mineral oil layer was blanketed. PCR was performed 
using Thermal Cycler Model 480J (Perkin Elmer) with 35 times of the temperature cycle 
consisting of 94°C for 45 seconds, 60°C for 45 seconds and 72°C for 2 minutes. 
(3) Purification and fragmentation of PCR product 

The DNA fragment amplified by the PCR method as mentioned above was separated 
by agarose gel electrophoresis using 3% Nu Sieve GTG agarose (FMC Bio. Products). 
Pieces of agarose which contains the DNA fragment of about 550 bp length as the V domain 
of the L chain and about 550 bp length as the V domain of the H chain were excised, and the 
DNA fragment was purified using GENECLEAN II Kit (BIO 101) according to the 
instructions appended to the kit. The purified DNA was precipitated with ethanol, and then 
dissolved in 10 mM Tris-HCl (pH 7.4) and 20 jal of 1 mM EDTA solution. 1 jil of the 
obtained DNA solution was digested with a restriction enzyme Xmal (New England Biolabs) 
at 37°C for 1 hour, and subsequently it was digested with the restriction enzyme EcoRI 
(TAKARA SHUZO) at 37°C for 1 hour. This digested mixture was extracted with phenol 
and chloroform, and DNA was collected by ethanol precipitation. 
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In this way, a DNA fragment containing a gene encoding the mouse H chain V domain 
and L chain V domain which has EcoRI recognition sequence at the 5 -end and has Xmal 
recognition sequence at the 3'-end was obtained. 

The EcoRI-Xmal DNA fragment containing a gene encoding the mouse H chain V 
domain and L chain V domain prepared as mentioned above and a pUC19 vector prepared by 
digesting by EcoRI and Xmal were ligated using DNA ligation kit ver. 2 (TAKARA SHUZO) 
at 16°C for 1 hour according to the appended instructions. Next, 10 jil of the 
above-mentioned ligated mixture was added to 100 jil of E. coli JM109 competent cells 
(NIPPON GENE), and these cells were allowed to stand still for 15 minutes on ice, at 42°C for 
1 minute and further allowed to stand still for 1 minute on ice. Subsequently, 300 jal of SOC 
culture medium (Molecular Cloning: A Labgoratory Manual, Sambrook, et al., Cold Spring 
Harbor Laboratory Press, 1989) was added and incubated at 37°C for 30 minutes and then the 
E. coli was seeded on LB agar culture medium or 2xYT agar culture medium (Molecular 
Cloning: A Labgoratory Manual, Sambrook, et al., Cold Spring Harbor Laboratory Press, 
1989) which contains ampicillin (100 |uig/ml or 50 jig/ml), 0.1 mM IPTG and 20 jag/ml of 
X-gal and incubated at 37°C overnight to obtain transformed E. coli. 

Overnight culturing of this transformant was carried out at 37°C in LB culture medium 
containing 100 ^g /ml or 50 ^ig/ml of ampicillin or 2 ml of 2xYT culture medium, and plasmid 
DNA was prepared using plasmid extraction machine PI-100E (Kurabo Industries) or QIAprep 
Spin Plasmid Kit (QIAGEN) from the cell body fraction, and nucleotide sequence was 
determined. 

c 

(4) Determination of nucleotide sequence of gene encoding mouse antibody V domain 

The nucleotide sequence of the cDNA code domain in the above-mentioned plasmid 
was determined using Dye Terminator Cycle Sequencing kit (Perkin-Elmer) and by DNA 
Sequencer 373 A (ABI company Perkin-Elmer). The sequence was determined by 
confirming the nucleotide sequence of both directions using M13 Primer M4 (TAKARA 
SHUZO) (SEQ ID No. 5) and M 13 Primer RV (TAKARA SHUZO) (SEQ ID No. 6) as 
primers for sequence determination. 
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The obtained plasmid containing a gene encoding the mouse H chain V domain 
originating from hybridoma #23-57-137-1 was designated as MBC1H04 and the plasmid 
containing a gene encoding the mouse L chain V domain was designated as MBC1L24. The 
nucleotide sequence (including corresponding amino acid sequences) of the gene encoding the 
H chain V domain and L chain V domain of mouse #23-57-137-1 antibody which are 
contained in plasmid MBC1H04 and MBC1L24 are shown as SEQ ID Nos. 57 and 65, 
respectively. The amino acid sequences are shown as SEQ ID No. 46 for the fragment of the 
V domain of the H chain and as SEQ ID No. 45 for the fragment of the V domain of the L 
chain. 

The E. coli which has the above-mentioned plasmid MBC1H04 and MBC1L24 were 
internationally deposited as Escherichia coli JM109 (MBC1H04) and Escherichia coli JM109 
(MBC1L24) on August 15, 1996 under the Budapest Treaty with International Patent 
Organism Depositary, National Institute of Advanced Industrial Science and Technology, an 
Independent Administrative Institution, located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, 
Ibaraki, Japan under accession number FERM BP-5628 for Escherichia coli JM109 
(MBC1H04) and FERM BP-5627 for Escherichia coli JM109 (MBC1L24). 
(5) Determination of CDR of mouse monoclonal antibody #23-57-137-1 to human PTHrP 

The whole structure of V domain of the H chain and V domain of the L chain has 
similarity mutually, and four framework portions are connected by three super-variable 
domains (CDR), i.e., a complementarity determination region, respectively. Although the 
amino acid sequence of the frameworks is comparatively well conserved, on the other hand, 
the mutation ratio of the amino acid sequence of the CDR domain is very high (Kabat, E. A. et 
al., "Sequence of Proteins of Immunological Interest" US Dept. Health and Human Services, 
1983). 

Based on the above fact, the amino acid sequence of the variable domain of the mouse 
monoclonal antibody to human PTHrP was applied to the database of the amino acid sequence 
of the antibody created by Kabat et al., and by investigating homology, it determined as a 
CDR domain was shown in Table 1 . 
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The amino acid sequences of CDRs 1 to 3 of the V domain of the L chain was shown in 
the SEQ ID Nos. 59 to 61, respectively, and the amino acid sequence of CDR 1 to 3 of the V 
domain of the H chain are shown in the SEQ ID No. 62 to 64, respectively. 



Table 1 



V domain 


SEQ ID No. 


CDR1 


CDR2 


CDR3 


H chain V domain 


57 


31-35 


50-66 


99-107 


L chain V domain 


65 


23-34 


50-60 


93-105 



[Referential Example 3] Construction of chimeric antibody 
(1) Construction of chimeric antibody H chain 
(i) Construction of V domain of H chain 

In order to ligate to an expression vector containing a genome DNA of Cy 1 of human H 
chain C domain, the cloned mouse H chain V domain was modified by PCR method. 
Reverse primer MBC1-S1 (SEQ ID No. 7) was designed so that it might hybridize with DNA 
encoding the 5 - side of the leader sequence of V domain and might have Kozak consensus 
sequence (Kozak, M. et al., J. Mol. Biol., 196, 947-950, 1987) and the recognition sequence of 
a restriction enzyme Hind DDE. Forward primer MBCl-a (SEQ ID No. 8) was designed so that 
it might hybridize with DNA encoding the 3-side of J domain and it might have splice donor 
sequence and the recognition sequence of a restriction enzyme BamHI. PCR was performed 
using TaKaRa Ex Taq (TAKARA SHUZO) and the appended buffer solution under the 
condition where 0.07 |ag of plasmid MBC1H04 as a template DNA, 50 pmoles each of 
MBCl-a and MBC1-S1 as primers, 2.5U of TaKaRa Ex Taq and 0.25 mM dNTP were 
contained in 50 jjI of the reaction mixture solution with 30 times of the temperature cycle 
consisting of 94°C for 1 minute, 55°C for 1 minute and 72°C for 2 minutes while the solution 
was blanketed with 50 (il of a mineral oil layer. The DNA fragments amplified by the PCR 
method as mentioned above were separated by agarose gel electrophoresis using 3% Nu Sieve 
GTG agarose (FMC Bio. Products). 
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A piece of agarose which contains a DNA fragment of 437 bp length was excised, and 
the DNA fragment was purified using GENECLEAN II Kit (BIO 101) according to the 
instructions appended to the kit. The purified DNA was collected by ethanol precipitation, 
and then dissolved in 10 mM Tris-HCl (pH 7.4) and 20 jal of 1 mM EDTA solution. 1 p,l of 
the obtained DNA solution was digested with restriction enzymes BamHI and Hind TTT 
(TAKARA SHUZO) at 37°C for 1 hour. This digested mixture was extracted with phenol 
and chloroform, and DNA was collected by ethanol precipitation. 

The Hind HI-BamHI DNA fragment containing a gene encoding the mouse H chain V 
domain prepared as mentioned above was subcloned into pUC19 vector prepared by digesting 
with Hind m and BamHI. In order to confirm the nucleotide sequence of this plasmid, Ml 3 
Primer M4 and Ml 3 Primer RV were used as primers with Dye Terminator Cycle Sequencing 
kit (Perkin-Elmer) and the nucleotide sequence was determined using DNA Sequencer 373A 
(Perkin-Elmer). The plasmid containing a gene encoding the mouse H chain V domain 
originating from hybridoma #23-57-137-1 which has the correct nucleotide sequence and Hind 
HI recognition sequence and Kozak sequence at 5-side and BamHI recognition sequence at 
3-side was designated as MBC1 H/pUC19. 

(ii) Construction of the H chain V domain for production of cDNA type 
mouse-human chimera H chain 

In order to ligate to cDNA of Cyl of human H chain C domain, the mouse H chain V 
domain constructed as mentioned above was modified by PCR method. Reverse primer 
MBC1HVS2 (SEQ ID No. 9) for the V domain of the H chain was designed so that asparagine 
at the second position in the sequence encoding the beginning of the leader sequence of V 
domain might be changed into glycine and it might have Kozak consensus sequence (Kozak, 
M. et al., J. Mol. Biol., 196, 947-950, 1987), Hind m and EcoRI recognition sequence. The 
forward primer MBC1HVR2 (SEQ ID No. 10) for the V domain of the H chain was designed 
so that it might hybridize with DNA encoding the 3-side of J domain and it might encode 
5-side of C domain and might have Apal and Smal recognition sequence. 

PCR was performed using TaKaRa Ex Taq (TAKARA SHUZO) and the appended 
buffer solution under the condition where 0.6 jag of plasmid MBClH/pUC19 as a template 
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DNA, 50 pmoles each of MBC1HVS2 and MBC1HVR2 as primers, 2.5U of TaKaRa Ex Taq 
and 0.25 mM dNTP were contained in 50 ^il of the reaction mixture solution with 30 times of 
the temperature cycle consisting of 94°C for 1 minute, 55°C for 1 minute and 72°C for 2 
minutes while the solution was blanketed with 50 |il of a mineral oil layer. The DNA 
fragments amplified by the PCR method as mentioned above were separated by agarose gel 
electrophoresis using 1% Sea Kem GTG agarose (FMC Bio. Products). A piece of agarose 
which contains a DNA fragment of 456 bp length was excised, and the DNA fragment was 
purified using GENECLEAN U Kit (BIO 101) according to the instructions appended to the kit. 
The purified DNA was precipitated with ethanol, and then dissolved in 10 mM Tris-HCl (pH 
7.4) and 20 jxl of 1 mM EDTA solution. 

One (1) ]il of the obtained DNA solution was digested with restriction enzymes EcoRI 
and Smal (TAKARA SHUZO) at 37°C for 1 hour. This digested mixture was extracted with 
phenol and chloroform, and DNA was collected by ethanol precipitation. 

The EcoRI-Smal DNA fragment containing a gene encoding the mouse H chain V 
domain prepared as mentioned above was subcloned into pUC19 vector prepared by digesting 
with EcoRI and Smal. In order to confirm the nucleotide sequence of this plasmid, Ml 3 
Primer M4 and M13 Primer RV were used as primers with Dye Terminator Cycle Sequencing 
kit (Perkin-Elmer) and the nucleotide sequence was determined using DNA Sequencer 373A 
(Perkin-Elmer). The plasmid containing a gene encoding the mouse H chain V domain 
originating from hybridoma #23-57-137-1 which has the correct nucleotide sequence and 
EcoRI and Hind HI recognition sequences and Kozak sequence at 5 -side and Apal and Smal 
recognition sequences at 3'-side was designated as MBClHv/pUC19. 

(iii) Construction of expression vector of chimeric antibody H chain 

cDNA which contains Cyl of human H chain C domain was prepared as follows. 
That is, mRNAs were prepared from the CHO cell into which an expression vector 
DHFR- AE-RVh-PM- 1 -f (W092/19759) encoding a humanized PM1 antibody H chain V 
domain and a genome DNA of human antibody H chain C domain IgGl (N. Takahashi, et al., 
Cell 29, and 671-679 1982) as well as an expression vector RVl-PMla (W092/19759) 
encoding a humanized PM1 antibody L chain V domain and a genome DNA of human 
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antibody L chain k chain C domain were introduced. The cloning of the cDNA which 
contained a humanized PM1 antibody H chain V domain and Cyl of human antibody C 
domain was carried out by RT-PCR method, and subcloning was carried out to Hind m and 
BamHI sites of pUC19. After confirming the nucleotide sequence, the plasmid with the 
correct sequence was designated as pRVh-PMlf-cDNA. 

An expression vector from which the Hind m site between the SV40 promoter on 
DHFR-AE-R Vh-PM- 1 -f and DHFR gene and the EcoRI site between the EF-1 alpha promoter 
and a humanized PM1 antibody H chain V domain were deleted was prepared, and used for 
the construction of the expression vector of cDNA which contains humanized PM1 antibody H 
chain V domain and Cyl of human antibody C domain. 

After digesting pRVh-PMlf-cDNA with BamHI, Klenow fragment was used to form a 
blunt end, and digestion with Hind HE further was effected to prepare a Hind IQ-BamHI blunt 
end fragment. The Hind IH-BamHI blunt end fragment was ligated to the above-mentioned 
expression vector prepared by digesting DHFR- AE-R Vh-PM 1 -f from which the Hind m site 
and the EcoRI were deleted with Hind m and Smal, and an expression vector 
R Vh-PM 1 f-cDN A containing cDNA encoding humanized PM1 antibody H chain V domain 
and Cyl of human antibody C domain was constructed. 

After digesting the expression vector R Vh-PM 1 f-cDN A containing cDNA encoding 
humanized PM1 antibody H chain V domain and Cyl of human antibody C domain with Apal 
and BamHI, DNA fragments including an H chain C domain were collected, and introduced 
into MBClHv/pUC19 prepared by digesting with Apal and BamHI. The thus prepared 
plasmid was designated as MBClHcDNA/pUC19. This plasmid contains cDNA to which 
encodes H chain V domain of a mouse antibody and Cyl of human antibody C domain and has 
EcoRI and Hind m recognition sequences at 5 -end, and has BamHI recognition sequence at 
3'-end. 

An expression vector obtained by digesting the plasmid MBC1 HcDNA/pUC19 with 
EcoRI and BamHI and digesting the obtained DNA fragment containing the nucleotide 
sequence which encodes the H chain of the chimeric antibody with EcoRI and BamHI was 
introduced into the expression vector pCOSl. The thus obtained expression plasmid of the 
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chimeric antibody was designated as MBClHcDNA/pCOSl. The expression vector pCOSl 
was constructed by deleting the antibody gene by EcoRI and Smal digestion from HEF-PMh-g 
yl (see W092/19759) and ligating an EcoRI-Notl-BamHI adapter (TAKARA SHUZO). 

Furthermore, in order to produce the plasmid for using for expression in a CHO cell, an 
expression plasmid pCHOl prepared by digesting the plasmid MBC1 HcDNA/pUC19 with 
EcoRI and BamHI and digesting the obtained DNA fragment containing the nucleotide 
sequence which encodes the H chain of the chimeric antibody with EcoRI and BamHI was 
introduced into the expression plasmid pCHOl. The thus obtained expression plasmid of the 
chimeric antibody was designated as MBClHcDNA/pCHOl. The expression vector pCHOl 
was constructed by deleting the antibody gene by EcoRI and Smal digestion from 
DHFR- AE-rvH-PM 1 -f (see W092/19759) and ligating an EcoRI-Notl-BamHI adapter 
(TAKARA SHUZO). 

(2) Construction of human L chain constant domain 
(i) Preparation of cloning vector 

In order to construct a pUC19 vector including human L chain constant domain, a Hind 
III site deleted pUC19 vector was prepared. Two (2) jig of pUC19 vector was digested in 20 
jal of reaction mixture solution containing 20 mM Tris-HCl (pH 8.5), 10 mM MgCl 2 , 1 mM 
DTT, 100 mM KC1, and 8U of Hind HI (TAKARA SHUZO) at 37°C for 1 hour. The 
digestive mixture solution was extracted with phenol and chloroform, and DNA was collected 
by ethanol precipitation. 

The collected DNA was reacted at room temperature for 20 minutes in 50 jj.1 of a 
reaction mixture solution containing 50 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, 
100 mM NaCl, 0.5 mM dNTP, and 6U of Klenow fragment (GIBCO BRL) to form a blunt end. 
The reaction mixture solution was extracted with phenol and chloroform, and the vector DNA 
was collected by ethanol precipitation. 

The collected vector DNA was reacted at 16°C for 2 hours in 10 ^1 of reaction mixture 
solution containing 50 mM Tris-HCl (pH 7.6), 10 mM MgCl 2 , 1 mM ATP, 1 mM DTT, 5% 
(v/v) polyethyleneglycol-8000 and 0.5 U of T4 DNA ligase (GIBCO BRL) to effect 
self-ligation. After 5 yd of the reaction mixture solution was added to 100 ^il of E. coli 
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JM109 competent cell (NIPPON GENE), the solution was allowed to stand still for 30 minutes 
on ice, at 42°C for 1 minute and further allowed to stand still for 1 minute on ice. After 500 
|il of SOC culture medium was added, incubation at 37°C for 1 hour was carried out, the 
solution was spread on 2xYT agar culture medium (containing 50 jag/ml of ampicillin) on the 
surface of which were applied X-gal and IPTG (Molecular Cloning: A Labgoratory Manual, 
Sambrook, et al., Cold Spring Harbor Laboratory Press, and 1989), and cultured at 37°C 
overnight to obtain transformant. 

The transformant was cultured on 20 ml of 2xYT agar culture medium containing 50 
jag/ml of ampicillin at 37°C overnight, and plasmid DNA was purified from the cell body 
fraction using Plasmid Mini Kit (QIAGEN) according to the appended instructions. The 
purified plasmid was digested with Hind HI and the plasmid in which the deletion of Hind in 
site was confirmed was designated as pUC19 AHind HI. 

(ii) Construction of gene encoding human L chain X chain constant domain 

As the human antibody L chain X chain C domain, at least four isotypes of 
Mcg+Ke+Oz-, Mcg-Ke-Oz-, Mcg-Ke-Oz+ and Mcg-Ke+Oz- are known (P. Dariavach, et al., 
Proc. Natl. Acad. Sci. USA, 84, 9074-9078, 1987). As a result of searching in the EMBL 
database a human antibody L chain X chain C domain which has homology to the 
#23-57-137-1 mouse L chain X chain C domain, the human antibody L chain X chain of the 
isotype Mcg+Ke+Oz- (accession No. X57819) (P. Dariavach, et al., Proc. Natl. Acad. Sci. 
USA, 84, 9074-9078, and 1987) showed the highest homology and the homology with # 
23-57-137-1 mouse L chain X chain C domain was 64.4% in amino acid sequence and 73.4% 
in the nucleotide sequence. 

Then, the construction of the gene encoding this human antibody L chain X chain C 
domain was performed using PCR method. Synthesis of each primer was performed using 
394 DNA/RNA synthesizer (ABI company). HLAMB1 (SEQ ID No. 11) and HLAMB3 
(SEQ ID No. 13) have sense DNA sequence, and HLAMB2 (SEQ ID No. 12) and HLAMB4 
(SEQ ID No. 14) have antisense DNA sequence, and they have a complementary sequence of 
20 to 23 bp from the both ends of each primer. 
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The external primers HLAMBS (SEQ ID No. 15) and HLAMBR (SEQ ID No. 16) 
have homologous sequences to HLAMB 1, HLAMB4, respectively, and HLAMBS contains 
EcoRI, Hind HI, and Blnl recognition sequences, and HLAMBR contains EcoRI recognition 
sequence, respectively. The reaction of HLAMB 1 -HLAMB2 and HLAMB3-HLAMB4 was 
performed in the first PCR. After the reaction, they were mixed in the same amount and the 
assembly was performed by the second PCR. Furthermore, the external primers HLAMBS 
and HLAMBR were added and full length DNA was amplified by the third PCR. 

PCR was performed using TaKaRa Ex Taq (TAKARA SHUZO) according to the 
appended instructions. In the first PCR, 100 (al of the reaction mixture solution containing 5 
pmoles of HLAMB 1, 0.5 pmole of HLAMB2 and 5U of TaKaRa Ex Taq (TAKARA SHUZO) 
or 100 fil of the reaction mixture solution containing 0.5 pmole of HLAMB3, 0.5 pmole of 
HLAMB4 and 5U of TaKaRa Ex Taq (TAKARA SHUZO) were used and blanketed with 50 
l±l of a mineral oil layer and 5 times of the temperature cycle consisting of 94°C for 1 minute, 
60°C for 1 minute and 72°C for 1 minute were performed. 

The second PCR was performed by mixing 50 \\A each of the reaction liquids, and 
carrying out 3 times of the temperature cycle consisting of 94°C for 1 minute, 60°C for 1 
minute and 72°C for 1 minute while blanketed with 50 \xl of a mineral oil layer. 

The third PCR was performed by adding 50 pmoles each of external primers HLAMBS 
and HLAMBR to the reaction liquid, and carrying out 30 times of the temperature cycle 
consisting of 94°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute. 

After carrying out electrophoresis of the DNA fragment of the third PCR product on a 
3% low melting point agarose gel (NuSieve GTG Agarose and FMC), GENECLEANII Kit 
(BIO 101) was used, and the fragment was collected and purified from the gel according to the 
appended instructions. 

The obtained DNA fragment was digested at 37°C for 1 hour in 20 \i\ of the reaction 
mixture solution containing 50 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, 100 mM 
NaCl, and 8U of EcoRI (TAKARA SHUZO). After the digestive mixture solution was 
extracted with phenol and chloroform, DNA was collected by ethanol precipitation and 
dissolved in 10 mM Tris-HCl (pH 7.4) and 8 \x\ of 1 mM EDTA solution. 
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Similarly, 0.8 jag of plasmid pUC19 AHind III was digested with EcoRI, extracted with 
phenol and chloroform and collected by ethanol precipitation. The digested plasmid pUC19 
AHind DI was reacted at 37°C for 30 minutes in 50 \A of the reaction mixture solution 
containing 50 mM Tris-HCl (pH 9.0), 1 mM MgCl 2 and alkaline phosphatase (E. coli C75, 
TAKARA SHUZO), and dephosphorylation treatment (BAP treatment) was carried out. 
After the reaction liquid was extracted with phenol and chloroform, DNA was collected by 
ethanol precipitation and dissolved in 10 mM Tris-HCl (pH 7.4) and 10 p.1 of 1 mM EDTA 
solution. 

One (1) nl of the plasmid pUC19 AHind m treated with BAP and 4 yd of the 
above-mentioned PCR product were ligated using DNA Ligation Kit Ver. 2 (TAKARA 
SHUZO), and the E. coli JM109 competent cell was transformed therewith. The obtained 
transformant was cultured overnight in 2 ml of 2xYT culture media containing 50 j^g/ml of 
ampicillin, and the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN) from the 
cell body fraction. 

As for the above-mentioned plasmid, the cloned nucleotide sequence of DNA was 
confirmed. 373A DNA sequencer (ABI company) was used for the determination of 
nucleotide sequence and Ml 3 Primer M4 and M13 Pricer RV (TAKARA SHUZO) were used 
as primers. Consequently, it became clear that 12 bp was deleted in the inside of the cloned 
DNA. The plasmid containing this DNA was designated as CXA/pUC19. Then, primers 
HCLMS (SEQ ID No. 17) and HCLMR (SEQ ID No. 18) were newly synthesized for 
compensating the portion, and the correct DNA was again constructed by PCR. 

The first PCR was performed with the plasmid CXA/pUC19 which contains deleted 
DNA as a template using primers HLAMBS, HCLMR, HCLMS and HLAMB4. The PCR 
product was purified, respectively and the assembly was performed by the second PCR. 
Furthermore, external primers HLAMB and HLAMBS4 were added, and full length DNA was 
amplified by the third PCR. 

In the first PCR, 100 jul of the reaction mixture solution containing 0.1 jxg of 
CA,A/pUC19 as a template, 50 pmoles each of primers HLAMBS and HCLMR, or 50 pmoles 
each of primers HCLMS and HLAMB4 and 5U of TaKaRa Ex Taq (TAKARA SHUZO) was 
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used and blanketed with 50 jil of a mineral oil layer and 30 times of the temperature cycle 
consisting of 94°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute were performed. 

After carrying out electrophoresis of the PCR products HLAMBS-HCLMR (236 bp) 
and HCLMS-HLAMB4 (147 bp) on a 3% low melting point agarose gel, respectively, 
GENECLEANII Kit (BIO 101) was used, and the products were collected and purified from 
the gel. In the second PCR, 20 jil of the reaction mixture solution containing 40 ng each of 
the purified DNA fragments, 1U of TaKaRa Ex Taq (TAKARA SHUZO) was used and 
blanketed with 25 \il of a mineral oil layer and 5 times of the temperature cycle consisting of 
94°C for 1 minute, 60°C for 1 minute and 72°C for 1 minute were performed. 

In the third PCR, 100 jal of the reaction mixture solution containing 2 \il of the second 
PCR reaction liquid, 50 pmoles each of external primers HLAMBS and HLAMB4, and 5U of 
TaKaRa Ex Taq (TAKARA SHUZO) was used and blanketed with 50 jlxI of a mineral oil layer. 
PCR was performed with 30 times of the temperature cycle consisting of 94°C for 1 minute, 
60°C for 1 minute and 72°C for 1 minute. After carrying out electrophoresis of the DNA 
fragment of 357 bp, which is the third PCR product, on a 3% low melting point agarose gel, 
GENECLEANII Kit (BIO 101) was used, and the products were collected and purified from 
the gel. 

0.1 |j. g of the obtained DNA fragment was digested with EcoRI and subcloned into 
pUC19AHind HE subjected to BAP treatment. E. coli JM109 competent cells were 
transformed, cultured overnight in 2 ml of 2xYT culture media containing 50 jig/ml ampicillin, 
and the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN) from the cell body 
fraction. The nucleotide sequence was determined in 373A DNA sequencer (ABI company) 
using M13 Primer M4 and Ml 3 Primer RV (TAKARA SHUZO) for the purified plasmid. 
The plasmid which was confirmed to have the correct nucleotide sequence without deletion 
was designated as CX/pUC19. 

(iii) Construction of gene encoding human L chain k chain constant domain 
The fragment of DNA encoding L chain k chain C domain was cloned using the PCR 
method from plasmid HEF-PMlk-gk (W092/19759). The forward primer HKAPS (SEQ ID 
No. 19) synthesized using 394 DNA/RNA synthesizer (ABI company) was designed so as to 
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have EcoRI, Hind HI and Blnl recognition sequences and reverse primer HKAPA (SEQ ID No 
20) was designed so as to have EcoRI recognition sequence. 

100 \A of the reaction mixture solution containing 0.1 jag of plasmid HEF-PMlk-gk 
used as a template, 50 pmoles each of primers HKAPS and HKAPA, and 5U of TaKaRa Ex 
Taq (TAKARA SHUZO) was used and blanketed with 50 jal of a mineral oil layer. PCR was 
performed with 30 times of the temperature cycle consisting of 94°C for 1 minute, 60°C for 1 
minute and 72°C for 1 minute. After carrying out electrophoresis of the PCR product of 360 
bp on a 3% low melting point agarose gel, GENECLEANH Kit (BIO101) was used, and the 
product were collected and purified from the gel. 

After digesting the obtained DNA fragment with EcoRI, the digested fragment was 
subcloned into pUC19 AHind in which had been subjected to BAP treatment. E. coli JM109 
competent cells were transformed, cultured overnight in 2 ml of 2xYT culture media 
containing 50 |iig/ml ampicillin, and the plasmid was purified using QIAprep Spin Plasmid Kit 
(QIAGEN) from the cell body fraction. 

The nucleotide sequence of the purified plasmid was determined on 373A DNA 
sequencer (ABI company) using M13 Primer M4 and Ml 3 Primer RV (TAKARA SHUZO). 
The plasmid which was confirmed to have the correct nucleotide sequence was designated as 
CK/pUC19. 

(3) Construction of chimeric antibody L chain expression vector 

The chimera #23-57-137-1 antibody L chain expression vector was constructed. The 
pUC19 vectors encoding the chimera #23-57-137-1 antibody L chain V domain and L chain X 
chain, or L chain k chain constant domain, respectively were prepared by linking the gene 
encoding the #23-57-137-1 L chain V domain to Hind EI and Blnl sites which are just before 
the human antibody constant domain of plasmids CA/pUC19 and Cic/pUC19. By EcoRI 
digestion, the chimeric antibody L chain gene was excised and subcloned into HEF expression 
vector. 

That is, the cloning of the #23-57-137-1 antibody L chain V domain was carried out 
using the PCR method from the plasmid MBC1L24. Synthesis of each primer was 
performed using 394 DNA/RNA synthesizer (ABI company). 
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The reverse primer MBCCHL1 (SEQ ID No. 21) was designed so as to have Hind m 
recognition sequence and Kozak sequence (Kozak, M. et al., J. Mol. Biol. 196, 947-1987) and 
the forward primer MBCCHL3 (SEQ ID No. 22) was designed so as to have Bgin and EcoRI 
recognition sequences. 

PCR was performed using 100 jul of the reaction mixture solution containing 10 mM 
Tris-HCl (pH 8.3), 50 mM KC1, 1.5 mM MgCl 2 , 0.2 mM dNTP, 0.1 ^ig MBC1L24 and 50 
pmoles each of MBCCHL1 and MBCCHL3 as primers and 1 ^il of AmpliTaq (PERKIN 
ELMER) and by carrying out 30 times of the temperature cycle consisting of 94°C for 45 
seconds, 60°C for 45 seconds and 72°C for 2 minutes while blanketed with 50 jal of a mineral 
oil layer. 

After carrying out electrophoresis of the PCR product of 444 bp on a 3% low melting 
point agarose gel, GENECLEAN II kit (BIO 101) was used, and the product were collected 
and purified from the gel, and dissolved in 10 mM Tris-HCl (pH 7.4), 20 jil of 1 mM EDTA 
solution. One (1) |il of the PCR product was digested at 37°C for 1 hour in 20 jal of a 
reaction mixture solution which contained 10 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM 
DTT, 50 mM NaCl, 8U of Hind m (TAKARA SHUZO) and 8U of EcoRI (TAKARA 
SHUZO), respectively. The digest mixture solution was extracted with phenol and 
chloroform, and DNA was collected by ethanol precipitation, and dissolved in 10 mM 
Tris-HCl (pH 7.4) and 8 jil of 1 mM EDTA solution. 

Plasmid pUC19 1 [xg was similarly digested with Hind m and EcoRI, extracted with 
phenol and chloroform, collected by ethanol precipitation, and BAP treatment was carried out 
with alkaline phosphatase (E. coli C75 and TAKARA SHUZO). After the reaction liquid 
was extracted with phenol and chloroform, and DNA was collected by ethanol precipitation, it 
was dissolved in 10 mM Tris-HCl (pH 7.4) and 10 jil of 1 mM EDTA solution. 

One (1) jal plasmid pUC19 subjected to BAP treatment and 4 p.1 of previous PCR 
product was ligated using DNA Ligation Kit Ver. 2 (TAKARA SHUZO), and E. coli JM109 
competent cell (NIPPON GENE) was transformed in the similar manner as above. This was 
spread on 2xYT agar culture medium containing 50 |ag/ml of ampicillin, and cultured at 37°C 
overnight. The obtained transformant was cultured at 37°C overnight in 2 ml of 2xYT 
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culture media containing 50 ng/ml of ampicillin. The plasmid was purified using QIAprep 
Spin Plasmid Kit (QIAGEN) from the cell body fraction. After the nucleotide sequence was 
determined, the plasmid which has the correct nucleotide sequence was designated as 
CHL/pUC19. 

One (1) |ag each of plasmids CX/pUC19 and CK/pUC19 was separately digested at 
37°C for 1 hour in 20 jal of the reaction mixture solution containing 20 mM Tris-HCl (pH 8.5), 
10 mM MgCl 2 , 1 mM DTT, and 100 mM KC1 and 8U of Hind EH (TAKARA SHUZO) and 
2U of Blnl (TAKARA SHUZO). After the digested mixture solution was extracted with 
phenol and chloroform and DNA was collected by ethanol precipitation, BAP treatment was 
performed at 37°C for 30 minutes. The reaction liquid was extracted with phenol and 
chloroform, DNA was collected by ethanol precipitation, and dissolved in 10 mM Tris-HCl 
(pH 7.4) and 10 |il of 1 mM EDTA solution. 

Eight (8) iig was similarly digested with Hind III and Blnl from plasmid CHL/pUC19 
containing #23-57-137-1 L chain V domain. After carrying out electrophoresis of the 
obtained DNA fragment of 409 bp on a 3% low melting point agarose gel, collected and 
purified from the gel using GENECLEANH Kit (BIO101) and dissolved in 10 mM Tris-HCl 
(pH 7.4) and 10 \A of 1 mM EDTA solution. 

Four (4) jlxI of this L chain V domain DNA was subcloned into 1 jlxI each of plasmid 
C\7pUC19 or CK/pUC19 subjected to BAP treatment, and E. coli JM109 competent cells were 
transformed. They were cultured overnight in 3 ml of 2xYT culture media containing 50 
|ig/ml ampicillin, and the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN) 
from the cell body fraction. These were designated as plasmids MBClL(A,)/pUC19 and 
MBClL(K)/pUC19, respectively. 

After digesting plasmids MBClL(A,)/pUC19 and MBClL(K)/pUC19 by EcoRI 
separately and carrying out electrophoresis on a 3% low melting point agarose gel, 
GENECLEANH Kit (BIO101) was used, and the DNA fragment of 743 bp was collected, 
purified from the gel, and dissolved in 10 mM of Tris-HCl (pH 7.4) and 10 fil of 1 mM EDTA 
solution. 
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2.7 fig of plasmid HEF-PMlk-gk was digested with EcoRI as an expression vector, 
extracted with phenol and chloroform and DNA was collected by ethanol precipitation. After 
carrying out BAP treatment of the collected DNA fragment, electrophoresis was carried out on 
a 1% low melting point agarose gel, GENECLEANH Kit (BIO 101) was used, and the DNA 
fragment of 6561 bp was collected and purified from the gel, dissolved in 10 raM Tris-HCl 
(pH 7.4) and 10 jal of 1 mM EDTA solution. 

Two (2) jal of HEF vector subjected to BAP treatment was linked to 3 jil each of EcoRI 
fragments of the above-mentioned plasmid MBC1L(A,) or MBCIL(k) and transformed into E. 
coli JM109 competent cells. They were cultured in 2 ml of 2xYT culture media containing 
50 jig/ml of ampicillin, and the plasmid was purified using QIAprep Spin Plasmid Kit 
(QIAGEN) from the cell body fraction. 

The purified plasmid was digested at 37°C for 1 hour in 20 jal of the reaction mixture 
solution containing 20 mM Tris-HCl (pH 8.5), 10 mM MgCl 2 , 1 mM DTT, 100 mM KC1, 8U 
of Hind m (TAKARA SHUZO) and 2U of Pvul (TAKARA SHUZO). The plasmid inserted 
in the right direction results in a digested fragment of 5104/2195 bp while the plasmid inserted 
in the wrong direction results in a digested fragment of 4378/2926 bp and the plasmids 
inserted in the right direction were designated as MBClL(A.)/neo and MBClL(ic)/neo, 
respectively. 

(4) Transfection of COS-7 cells 

In order to evaluate the antigen binding activity and neutralization activity of a 
chimeric antibody, the above-mentioned expression plasmid was constructed to express 
transiently in COS-7 cell. 

That is, transient expression of a chimeric antibody is effected by simultaneous 
transducing the combination of plasmids MBClHcDNA/pCOSl and MBClL(A,)/neo, or 
MBClHcDNA/pCOSl and MBClL(K)/neo into COS-7 cell by electroporation using Gene 
Pulser equipment (Bio Rad). Ten (10) jig each of plasmid DNA was added to 0.8 ml of 
COS-7 cells suspended at a cell concentration of lxlO 7 cell/ml in PBS (-), and the pulse was 
given to them by the capacitance of 1,500V and 25 jxF. After allowed to recover at room 
temperature for 10 minutes, the cells subjected to electroporation processing were suspended 
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in a DMEM culture medium (GDBCO) containing 2% of Ultra Low IgG Fetal Bovine Serum 
(GDBCO), and cultured in a C0 2 incubator using 10 cm culturing plate. Culturing 
supernatant was collected after culturing 72 hours, centrifugal separation removed the cell 
fragments, and the sample of ELIS A was prepared. 

Purification of the chimeric antibody from the culture supernatant of COS-7 cells was 
performed using AffiGel Protein A MAPSII kit (BioRad) according to the instructions 
appended to the kit. 
(5) ELISA 

(i) Measurement of antibody concentration 

An ELISA plate for antibody concentration measurement was prepared as follows. 
Each well of a 96 well plate for ELISA (Maxisorp, NUNC) is coated with 100 jjJ of goat 
anti-man IgG antibody (TAGO) adjusted to 1 jag/ml concentration with the coating buffer 
(0.1M NaHC03, 0.02% NaN3), blocked with 200 jal of a dilution buffer (50 mM Tris-HCl, 1 
mM MgCl 2 , 0.1M NaCl, 0.05% Tween20, 0.02% NaN3 and 1% bovine serum albumin (BSA), 
pH 7.2), culture supernatant of the COS cells in which the chimeric antibody was expressed or 
the purified chimeric antibody was stepwise diluted and added to each well. After the plate 
was incubated at room temperature for 1 hour and washed with PBS-Tween20, 100 ^il of 
alkaline phosphatase (TAGO) conjugated goat anti-man IgG antibody was added. After the 
plate was incubated at room temperature for 1 hour and washed with PBS-Tween20, 1 mg/ml 
of a substrate solution (Sigma 104, p-nitrophenylphosphate, SIGMA) was added, and, next, 
405 nm absorption was measured with a micro plate reader (Bio Rad). As the standard for 
concentration measurement, Hu IgG IX, Purified (The Binding Site) was used. 

(ii) Measurement of antigen binding ability 

The ELISA plate for antigen binding measurement was prepared as follows. Each 
well of a 96 well plate for ELISA was coated with 100 jal of human PTHrP(l-34) (Peptide 
Research Institute) adjusted to 1 |^g/ml concentration by the coating buffer. After blocking 
with 200 jj.1 of the dilution buffer, culture supernatant of the COS cells in which the chimeric 
antibody was expressed or the purified chimeric antibody was stepwise diluted and added to 
each well. After the plate was incubated at room temperature and washed with 
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PBS-Tween20, 100 jil of alkaline phosphatase (TAGO) conjugated goat anti-man IgG 
antibody was added. After the plate was incubated at room temperature and washed with 
PBS-Tween20, 1 mg/ml of a substrate solution (Sigmal04, p-nitrophenylphosphate, SIGMA) 
was added, and, next, 405 nm absorption was measured with a micro plate reader (Bio Rad). 

Consequently, it was shown that the chimeric antibody had a binding ability to human 
PTHrP (1-34) and had a correct structure of the cloned mouse antibody V domain. In 
addition, since the binding ability to PTHrP (1-34) of an antibody did not change even if the L 
chain C domains were either A, chain or k chain in the chimeric antibody, the L chain C 
domain of the humanized antibody was constructed using the humanized antibody L chain X 
chain. 

(6) Establishment of stably producing CHO cell line 

In order to establish a cell line stably producing a chimeric antibody, the 
above-mentioned expression plasmid was introduced into the CHO cell (DXB1 1). 

That is, establishment of stably producing a chimeric antibody is effected by 
simultaneous transducing the combination of expression plasmids for CHO cells 
MBClHcDNA/pCHOl and MBClL(?t)/neo or MBClHcDNA/pCHOl and MBClL(ic)/neo 
into CHO cells by electroporation using Gene Pulser equipment (Bio Rad). Each expression 
vector was cleaved with a restriction enzyme Pvul to produce a linear DNA, and after phenol 
and chloroform extraction, the DNA was collected by ethanol precipitation and used for 
electroporation. Ten (10) ng each of plasmid DNA was added to 0.8 ml of CHO cells 
suspended at a cell concentration of lxlO 7 cell/ml in PBS (-), and the pulse was given to them 
by the capacitance of 1,500V and 25 |liF. After allowed to recover at room temperature for 
10 minutes, the cells subjected to electroporation processing were suspended in a MEM-a 
culture medium (GIBCO) supplemented with 10% of Fetal Bovine Serum (GIBCO) and 
cultured in a C0 2 incubator using three 96 well plates (Falcon). The culture medium was 
replaced by a selection culture medium which is MEM-a culture medium supplemented with 
10% Fetal Bovine Serum (GIBCO) and 500 mg/ml GENETIC1N (G418Sulfate, GIBCO) and 
free from ribonucleosides and deoxyribonucleosides MEM-a culture medium (GIBCO) on the 
next day after starting the culturing, and the cells into which the antibody gene was introduced 
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were selected. In about two weeks after the selection culture medium was replaced, the cells 
were observed under the microscope and after favorable cell proliferation was recognized, the 
amount of antibody production was measured by the above-mentioned antibody concentration 
measurement ELISA, and the cells with much antibody production were selected. 

Culturing of the established cell line stably producing an antibody was expanded, and 
extensive culturing was performed using a MEM medium supplemented with 2% of Ultra Low 
IgG Fetal Bovine Serum by roller bottle and free from ribonucleosides and 
deoxyribonucleoside. Culturing supernatant was collected on the 3rd or the 4th days after 
culturing, and the 0.2jx filter (Millipore) may be used to removed the cell fragments. 

Purification of the chimeric antibody from culture supernatant of CHO cells was 
performed using the POROS protein A column (PerSeptive Biosystems) with ConSep LCI 00 
(Millipore) according to the appended instructions, and subjected to measurement of 
neutralization activity and the drug efficacy in hypercalcemia model animal. The 
concentration and antigen binding activity of the obtained purified chimeric antibody were 
measured by the above-mentioned ELISA system. 
[Referential Example 4] Construction of humanized antibody 
(1) Construction of humanized antibody H chain 

(i) Construction of humanized H chain V domain 

H chain of humanized #23-57-137-1 antibody H chain was prepared by CDR-grafting 
in PCR method. Six PCR primers were used for the preparation of the humanized antibody 
#23-57-137-1 antibody H chain (version "a") having FR derived from human antibody S3 1679 
(NBRF-PDB, Cuisinier A.M. et al., Eur. J. Immunol., 23, 110-118, 1993). CDR-grafting 
primers MBC1HGP1 (SEQ ID No. 23) and MBC1HGP3 (SEQ ID No. 24) have sense DNA 
sequence, and CDR grafting primers MBC1HGP2 (SEQ ID No. 25) and MBC1HGP4 (SEQ 
ID No. 26) have antisense DNA sequence, and each of them has a complementary sequence of 
15 to 21 bp from the both ends of primer, respectively. External primers MBC1HVS1 (SEQ 
ID No. 27) and MBC1HVR1 (SEQ ID No. 28) have homology to CDR grafting primers 
MBC1HGP1 and MBC1HGP4. 
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CDR-grafting primers MBC1HGP1, MBC1HGP2, MBC1HGP3 and MBC1HGP4 were 
separated using urea denaturing polyacrylamide gel (Molecular Cloning: A Laboratory 
Manual, Sambrook et al., Cold Spring Harbor Laboratory Press, 1989), and extraction from 
the gel was performed by the crush and soak method (Molecular Cloning: A Laboratory 
Manual, Sambrook et al., Cold SpringHarbor Laboratory Press, 1989). 

That is, 1 nmole each of CDR-grafting primers was separated on 6% denaturing 
polyacrylamide gel, respectively, ultraviolet ray was irradiated on silica gel thin layer plate, 
identification of the DNA fragment of the target size was performed, and the fragment was 
collected from the gel by the crush and soak method, and dissolved in 20 jal of 10 mM 
Tris-HCl (pH 7.4) and 1 mM EDTA solution. PCR was performed using TaKaRa Ex Taq 
(TAKARA SHUZO) and the appended buffer solution under the condition where 1 jj! each of 
CDR-grafting primers MBC1HGP1, MBC1HGP2, MBC1HGP3 and MBC1HGP4 prepared as 
mentioned above, 0.25 mM of dNTP and 2.5U of TaKaRa Ex Taq were contained in 100 \i\ of 
the reaction mixture solution with 5 times of the temperature cycle consisting of 94°C for 1 
minute, 55°C for 1 minute and 72°C for 1 minute and further 30 times of the temperature cycle 
after 50 pmoles of external primers MBC1HVS1 and MBC1HVR1 were added. The DNA 
fragments amplified by the PCR method as mentioned above were separated by agarose gel 
electrophoresis using 4% Nu Sieve GTG agarose (FMC Bio. Products). 

A piece of agarose containing the DNA fragment of 421 bp length was excised, and the 
DNA fragment was purified using GENECLEANII Kit (BIO 101) according to the instructions 
appended to the kit. After the purified DNA was precipitated with ethanol, it was dissolved 
in 10 mM Tris-HCl (pH 7.4) and 20 of a 1 mM EDTA solution. The obtained PCR 
reaction mixture was subcloned into pUC19 prepared by digesting with BamHI and Hindm, 
and the nucleotide sequence was determined. The plasmid which has the correct sequence 
was designated as hMBCHv/pUC19. 

(ii) Construction of H chain V domain for humanized H chain cDNA 

In order to ligate to cDNA of Cy 1 of human H chain C domain, the humanized H chain 
V domain constructed as mentioned above was modified by PCR method. The reverse 
primer MBC1HVS2 was designed so that it might hybridize with the sequence encoding the 
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5 -side of the leader sequence of V domain and it might have Kozak consensus sequence 
(Kozak M, et aL, J. Mol. Biol. 196, 947-950, 1987), Hindm, and EcoRI recognition sequences. 
The forward primer MBC1HVR2 for V domain of the H chain was designed so that it might 
hybridize with the DNA sequence encoding the 3 -side of J domain and encode the 5 '-side 
sequence of C domain and it might have Apal and Smal recognition sequences. 

PCR was performed using TaKaRa Ex Taq (TAKARA SHUZO) and the appended 
buffer solution under the condition where 0.4 jag of hMBCHv/pUC19 of as a template DNA, 
50 pmoles each of MBC1HVS2 and MBC1HVR2 as primers respectively, 2.5U of TaKaRa 
Ex Taq and 0.25 mM of dNTP were contained with 30 times of the temperature cycle 
consisting of 94°C for 1 minute, 55°C for 1 minute and 72°C for 1 minute. The DNA 
fragments amplified by PCR method were separated by agarose gel electrophoresis using 3% 
Nu Sieve GTG agarose (FMC Bio. Products). 

A piece of agarose containing the DNA fragment of 456 bp length is excised, and the 
DNA fragment was purified using GENECLEANH Kit (BIO 101) according to the instructions 
appended to the kit. After the purified DNA was precipitated with ethanol, it was dissolved 
in 10 mM Tris-HCl (pH 7.4) and 20 of a 1 mM EDTA solution. The obtained PCR 
reaction mixture was subcloned into pUC19 prepared by digesting with EcoRI and Smal, and 
the nucleotide sequence was determined. The thus prepared plasmid which contains a gene 
encoding the mouse H chain V domain derived from hybridoma #23-57-137-1, and has EcoRI 
and HindlQ recognition sequences and Kozak sequence at 5'-side and has Apal and Smal 
recognition sequences at 3'-side was designated as hMBClHv/pUC19. 
(2) Construction of expression vector of humanized antibody H chain 

Plasmid R Vh-PM 1 f-cDNA containing the sequence of hPMl antibody H chain cDNA 
was digested with Apal and BamHI, and the DNA fragment containing the H chain C domain 
was collected, and introduced into hMBCl Hv/pUC19 prepared by digesting with Apal and 
BamHI. The thus prepared plasmid was designated as hMBClHcDNA/pUC19. This 
plasmid contains the H chain V domain of humanized #23-57-137-1 antibody, and Cyl of 
human H chain C domain and has EcoRI and Hindm recognition sequences at 5 '-end and 
BamHI recognition sequence at 3-end. The nucleotide sequence of humanized H chain 
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version "a" contained in plasmid hMBClHcDNA/pUC19 and the amino acid sequence 
corresponding thereto are shown in SEQ ID No. 58. In addition, the amino acid sequence of 
version a is shown in the SEQ ID No. 56. 

The DNA fragment containing H chain sequence obtained by digesting 
hMBClHcDNA/pUC19 with EcoRI and BamHI was introduced into an expression plasmid 
pCOSl prepared by digesting with EcoRI and BamHI. The thus obtained expression plasmid 
of humanized antibody was designated as hMBClHcDNA/pCOSl. 

Furthermore, in order to prepare a plasmid for using for expression in a CHO cell, 
hMBClHcDNA/pUC19 was digested with EcoRI and BamHI and the obtained DNA fragment 
containing H chain sequence was introduced into an expression plasmid pCHOl prepared by 
digesting the DNA fragment with EcoRI and BamHI. The thus obtained expression plasmid 
of humanized antibody was designated as hMBClHcDNA/pCHOl. 
(3) Construction of L chain hybrid variable domain 

(i) Preparation of FR 1, 2/FR3, 4 hybrid antibody 

L chain gene in which FR domain of a humanized antibody and a mouse (chimeric) 
antibody was recombined was constructed, and each domain for the formation of a humanized 
antibody was evaluated. By using the restriction enzyme Afin cleaving site in CDR2, a 
hybrid antibody in which FR 1 and 2 are derived from a human antibody, and FR 3 and 4 are 
derived from a mouse antibody was prepared. 

Ten (10) p.g each of plasmids MBClL(A,)/neo and hMBClL(A,)/neo were digested at 
37°C for 1 hour in 100 |^1 of reaction mixture solution containing 10 mM Tris-HCl (pH 7.5), 
10 mM MgCl 2 , 1 mM DTT, 50 mM NaCl, 0.01% (w/v) BSA and 10U of AflH(TAKARA 
SHUZO). Electrophoresis of the reaction liquid was carried out on a 2% low melting point 
agarose gel, a fragment of 6282 bp (designated as cl) and a fragment (designated as c2) of 
1022 bp from plasmid MBClL(A,)/neo, and a fragment of 6282 bp (designated as hi) and a 
fragment (designated as h2) of 1022 bp from plasmid hMBClL(A,)/neo were collected and 
purified from the gel using GENECLEANH Kit (BIO101). 
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BAP treatment was performed on 1 jag each of cl and hi fragments collected. After 
DNA was extracted with phenol and chloroform and collected by ethanol precipitation, it was 
dissolved in 10 mM Tris-HCl (pH 7.4) and 10 ^1 of 1 mM EDTA solution. 

One (1) [xl each of cl and hi fragments subjected to BAP treatment were. linked to 4 jxl 
of h2 and c2 fragments, respectively, (4°C, overnight) and transformed into E. coli JM109 
competent cells. They were cultured in 2 ml of 2xYT culture media which contains 50 ng/ml 
of ampicillin, and the plasmid was purified using QIAprep Spin Plasmid Kit (QIAGEN) from 
the cell body fraction. 

The purified plasmids were digested at 37°C for 1 hour in 20 [xl of reaction mixture 
solution containing 10 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, 2U of 
ApaLI(TAKARA SHUZO), 8U of BamHI(TAKARA SHUZO) or 8U of HindDI(TAKARA 
SHUZO)8U. If cl-h2 is correctly linked, digested fragments of 5560/1246/498 bp should 
arise with ApaLI and digested fragments of 7134/269 bp should arise with BamHl/Hindlll. 
Based on this, the plasmids were confirmed. 

These were designated as human FR1, 2/mouse FR3, 4 and an expression vector 
encoding hybrid antibody L chain was designated as h/mMBClL(^)/neo. Because the clone 
of hl-c2 was not obtained, after recombining on a pUC vector, they were cloned to the HEF 
vector. Plasmid hMBClLaXypUC19 containing a humanized antibody L chain V domain 
without amino acid substitution, plasmid hMBClLdAypUC19 containing the humanized 
antibody L chain V domain in which tyrosine at the 91st position (the 87th position of the 
amino acid number according to Kabat designation) in FR3 was replaced by isoleucine were 
used as templates. 

Ten (10) jag each of plasmid MBClL(X)/pUC19, hMBClLa^/pUC19 and hMBCILd 
A/pUC19 were digested at 37°C for 1 hour in 30 jil of the reaction mixture solution containing 
10 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, 50 mM NaCl, 0.01% (w/v) BSA, 16U 
of Hindm and 4U of Afln. Electrophoresis of the reaction liquid was carried out on a 2% 
low melting point agarose gel, DNA fragments of 215 bp (c2') from plasmid 
MBClL(;g/pUC19, 3218 bp (hal', hdl') from plasmids hMBClLaX/pUC19 and hMBCILd 
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A/pUC19, respectively were collected and purified from the gel using GENECLEANH Kit 
(BIO101). 

The fragments hal' and hdl' were linked to the c2' fragment, separately, and 
transformed into E. coli JM109 competent cells. They were cultured in 2 ml of 2xYT culture 
media containing 50 jag/ml of ampicillin, and the plasmids were purified using QIAprep Spin 
Plasmid Kit (QIAGEN) from the cell body fraction. These were designated as plasmids 
m/hMBClLaA,/pUC19 and m/hMBClLdAypUC19 5 respectively. 

The obtained plasmids m/hMBClLaA/pUC19 and m/hMBClLdA/pUC19 were 
digested with EcoRI. After carrying out electrophoresis of the DNA fragments of 743 bp on 
a 2% low melting point agarose gel, respectively, GENECLEANH Kit (BIO 101) was used, 
and they were collected and purified from the gel and dissolved in 10 mM Tris-HCl (pH 7.4) 
and 20 jal of 1 mM EDTA solution. 

Four (4) jj.1 each of DNA fragments were linked to 1 of the above-mentioned HEF 
vector subjected to BAP treatment, and transformed into E. coli JM109 competent cells. 
They were cultured in 2 ml of 2xYT culture media containing 50 jag/ml of ampicillin, and the 
plasmids were purified using QIAprep Spin Plasmid Kit (QIAGEN) from the cell body 
fraction. 

Each of the purified plasmids was digested at 37°C for 1 hour in 20 jj! of the reaction 
mixture solution containing 20 mM Tris-HCl (pH 8.5), 10 mM MgCl 2 , 1 mM DTT, 100 mM 
KC1, 8U of Hindm(TAKARA SHUZO) and 2U of PvuI(TAKARA SHUZO). The plasmid 
inserted in the right direction results in a digested fragment of 5104/2195 bp while the plasmid 
inserted in the wrong direction results in a digested fragment of 4378/2926 bp, and the 
plasmids were thus confirmed. The expression vectors encoding a mouse FR1, 2/human FR3, 
4 hybrid antibody L chain, respectively were designated as m/hMBClLaA/neo and 
m/hMBClLdX/neo. 

(ii) Preparation of FR1/FR2 hybrid antibody 

By using the SnaBI cleaving site in CDR1, hybrid antibodies FR1 and FR2 were 
similarly prepared. 
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Ten (10) ^ig each of plasmid MBClL(A.)/neo and h/mMBCIL (A,)/neo were digested at 
37°C for 1 hour in 20 |il of a reaction mixture solution containing 10 mM Tris-HCl (pH 7.9), 
10 mM MgCl 2 , 1 mM DTT 3 50 mM NaCl, 0.01% (w/v) BSA, and 6U of SnaBI(TAKARA 
SHUZO). Next, they were digested at 37°C for 1 hour in 50 ^1 of a reaction mixture solution 
containing 20 mM Tris-HCl (pH 8.5), 10 mM MgCl 2 , 1 mM DTT, 100 mM KC1, 0.01% (w/v) 
BSA and 6U ofPvuI. 

After the reaction liquid was subjected to electrophoresis on a 1.5% low melting point 
agarose gel, each of DNA fragments of 4955 bp (ml) and 2349 bp (m2) from plasmid 
MBClL(>0/neo 3 4955 bp (hml) and 2349 bp (hm2) from plasmid h/mMBClL(X)/neo were 
collected and purified from the gel using GENECLEANH Kit (BIO 101) and dissolved in 10 
mM Tris-HCl (pH 7.4) and 40 jal of a 1 mM EDTA solution. 

One (1) jal of ml and hml fragments were linked to 4^1 of hm2 and m2 fragments, 
respectively, and transformed into E. coli JM109 competent cells. They were cultured in 2 
ml of 2xYT culture media containing 50 jag/ml of ampicillin, and the plasmids were purified 
using QIAprep Spin Plasmid Kit (QIAGEN) from the cell fraction. 

Each purified plasmid was digested at 37°C for 1 hour in 20 jal of the reaction mixture 
solution containing 10 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 , 1 mM DTT, 8U of 
ApaI(TAKARA SHUZO) or 2U of ApaLI(TAKARA SHUZO). 

If each fragment is linked correctly, digested fragments of 7304 bp by Apal, 
5560/1246/498 bp (ml-hm2) by ApaLI, 6538/766 bp by Apal and 3535/2025/1246/498 bp 
(hml-m2) by ApaLI should be generated, and the plasmids were thus confirmed. The 
expression vectors encoding human FRl/mouse FR2, 3, 4 hybrid antibody L chain was 
designated as hmmMBClL(A,)/neo, and he expression vectors encoding mouse FRl/human 
FR2/mouse FR3, 4 hybrid antibody L chain was designated as mhmMBClL(X)/neo. 
(4) Construction of humanized antibody L chain 

A humanized #23-57-137-1 antibody L chain was prepared by CDR-grafting in the 
PCR method. Six PCR primers were used for preparation of the humanized antibody 
#23-57-137-1 antibody L chain (version "a") having FR1, FR2 and FR3 derived from human 
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antibody HSU03868 (GEN-BANK, Deftos M et al., Scand. J. Immunol., 39, 95-103, 1994) 
and FR4 derived from human antibody S25755 (NBRF-PDB). 

CDR-grafting primers MBC1LGP1 (SEQ ID No. 29) and MBC1LGP3 (SEQ ID No. 
30) have a sense DNA sequence, and CDR grafting primers MBC1LGP2 (SEQ ID No. 31) and 
MBC1LGP4 (SEQ ID No. 32) have an antisense DNA sequence, and each of them has a 
complementary sequence of 15 to 21 bp from the both ends of primer, respectively. External 
primers MBC1LVS1 (SEQ ID No. 33) and MBC1LVR1 (SEQ ID No. 34) have homology to 
CDR grafting primers MBC1LGP1 and MBC1LGP4. 

CDR-grafting primers MBC1LGP1, MBC1LGP2, MBC1LGP3 and MBC1LGP4 were 
separated using urea denaturing polyacrylamide gel electrophoresis (Molecular Cloning: A 
Laboratory Manual, Sambrook et al., Cold Spring Harbor Laboratory Press, 1989), and 
extraction from the gel was performed by the crush and soak method (Molecular Cloning: A 
Laboratory Manual, Sambrook et al., Cold SpringHarbor Laboratory Press, 1989). 

That is, 1 nmole each of CDR-grafting primers was separated on a 6% denaturing 
polyacrylamide gel, respectively, ultraviolet ray was irradiated on silica gel thin layer plate, 
identification of the DNA fragment of the desired size was performed, and the fragment was 
collected from the gel by the crush and soak method, and dissolved in 20 |al of 10 mM 
Tris-HCl (pH 7.4) and a 1 mM EDTA solution. 

PCR was performed using TaKaRa Ex Taq (TAKARA SHUZO) and the appended 
buffer solution under the condition where 1 jul each of CDR-grafting primers MBC1LGP1, 
MBC1LGP2, MBC1LGP3 and MBC1LGP4 prepared as mentioned above, 0.25 mM of dNTP 
and 2.5U of TaKaRa Ex Taq were contained in 100 jal of the reaction mixture solution with 5 
times of the temperature cycle consisting of 94°C for 1 minute, 55°C for 1 minute and 72°C 
for 1 minute and further 30 times of the temperature cycle after 50 pmoles of external primers 
MBC1LVS1 and MBC1LVR1 were added. The DNA fragments amplified by the PCR 
method as mentioned above were separated by agarose gel electrophoresis using 3% Nu Sieve 
GTG agarose (FMC Bio. Products). 

A piece of agarose containing the DNA fragment of 421 bp length was excised, and the 
DNA fragment was purified using GENECLEANH Kit (BIO 101) according to the instructions 
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appended to the kit. The obtained PCR reaction mixture was subcloned into pUC19 prepared 
by digesting with BamHI and HindHI, and the nucleotide sequence was determined. The 
thus obtained plasmid was designated as hMBCIVpUC19. However, since the amino acid at 
the 104th position (the 96th position of the amino acid number according to Kabat 
designation) of CDR4 was arginine, correction primer MBC1LGP10R (SEQ ID No. 35) for 
correcting this to tyrosine was designed and synthesized. PCR was performed using TaKaRa 
Ex Taq /TAKARA SHUZO) and the appended buffer solution under the condition where 0.6 
^ig of plasmid hMBCI7pUC19 as a template DNA, 50 pmoles each of MBC1LVS1 and 
MBC1LGP10R as primers, 0.25 mM of dNTP and 2.5U of TaKaRa Ex Taq were contained in 
100 |j.l of the reaction mixture solution with 30 times of the temperature cycle consisting of 
94°C for 1 minute, 55°C for 1 minute and 72°C for 1 minute while blanketed with 50 |il of a 
mineral oil layer. Agarose gel electrophoresis using 3% Nu Sieve GTG agarose (FMC Bio. 
Products) separated the DNA fragments amplified by the PCR method. 

A piece of agarose containing the DNA fragment of 421 bp length was excised, and the 
DNA fragment was purified using GENECLEANH Kit (BIO 101) according to the instructions 
appended to the kit. The obtained PCR reaction mixture was subcloned into pUC19 prepared 
by digesting with BamHI and HindllL 

Since the correct sequence was obtained as a result of determining the nucleotide 
sequence using Ml 3 Primer M4 primer and Ml 3 Primer RV primer, this plasmid was digested 
with Hindm and Blnl, and 1% agarose gel electrophoresis separated the fragment of 416 bp. 
The DNA fragment was purified using GENECLEANH Kit (BIO 101) according to 
instructions appended to the kit. The obtained PCR reaction mixture was introduced into 
plasmid CX/pUC19 prepared by digesting with HindDI and Blnl, and was designated as 
plasmid hMBClLaA/pUC19. This plasmid was digested with EcoRI and a sequence 
containing a sequence encoding the humanized L chain was introduced into a plasmid pCOS 1 
so that the start codon of the humanized L chain might be located downstream the EFlcc 
promoter. The thus obtained plasmid was designated as hMBClLa^/pCOSl. The 
nucleotide sequence (including the corresponding amino acid) of the humanized L chain 
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version "a" is shown in the SEQ ID No. 66. In addition, the amino acid sequence of version a 
is shown in the SEQ ID No. 47. 

Version "b" was prepared using the mutagenesis by the PCR method. The version "b" 
was designed so that glycine at the 43rd position (the 43rd position of the amino acid number 
according to Kabat designation) might be changed to proline and the lysine at the 49th position 
(the 49th position of the amino acid number according to Kabat designation) might be changed 
into aspartic acid. PCR was performed with plasmid hMBClLaA./pUC19 as a template using 
mutagenic primer MBC1LGP5R (SEQ ID No. 36) and primer MBC1LVS1, and the obtained 
DNA fragment was digested with BamHI and Hindm, and subcloned into BamHI and the 
HindlQ sites of pUC19. After the nucleotide sequence was determined, the fragment was 
digested with restriction enzymes Hindm and Aflll and ligated to hMBClLaA/pUC19 which 
was digested with Hindm and Afin. 

The obtained plasmid was designated as hMBClLbA/pUC19, and this plasmid was 
digested with EcoRI, a fragment containing DNA encoding the humanized L chain was 
introduced into a plasmid pCOSl so that the start codon of the humanized L chain might be 
located downstream the EFlcx promoter. The obtained plasmid was designated as 
hMBClLbA/pCOS 1. 

Version "c" was prepared using the mutagenesis by the PCR method. The version "c" 
was designed so that serine at the 84th position (the 80th position of the amino acid number 
according to Kabat designation) might be changed to proline. PCR was performed with 
plasmid hMBClLaA/pUC19 as a template using mutagenic primer MBC1LGP6S (SEQ ID No. 
37) and primer M13 Primer RV, and the obtained DNA fragment was digested with BamHI 
and Hindm, and subcloned into pUC19 which had been digested with BamHI and HindUL 

After the nucleotide sequence was determined, the fragment was digested with 
restriction enzymes BstPI and AorSlHI and ligated to hMBClLaA7pUC19 which was digested 
with BstPI and AorSlHI. The thus obtained plasmid was designated as hMBCIL CA/pUC19, 
and this plasmid was digested with restriction enzyme EcoRI, a fragment containing DNA 
encoding the humanized L chain was introduced into EcoRI site of plasmid pCOSl so that the 
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start codon of the humanized L chain might be located downstream the EFla promoter. The 
thus obtained plasmid was designated as hMBClLcA/pCOS 1. 

Versions "d", "e" and "f ' were prepared using the mutagenesis by the PCR method. 
The versions "d", "e" and "f" were designed so that tyrosine at the 91st position (the 87th 
position of the amino acid number according to Kabat designation) in the versions "a", "b" and 
"c" in this order might be changed to isoleucine. PCR was performed with 
hMBClLaAypCOSl, hMBClLbA/pCOSl, and hMBClLxX/pCOSl as a template respectively 
using mutagenic primer MBC1LGP1 1R (SEQ ID No. 38) and primer M-Sl (SEQ ID No. 44), 
and the obtained DNA fragments were digested with BamHI and Hindm, and subcloned into 
pUC19 which had been digested with BamHI and HindllL After the nucleotide sequence 
was determined, the fragments were digested with Hindm and Blnl and li gated to CA/pUC19 
which was prepared by digestion with Hindm and Blnl. 

The thus obtained plasmids were designated as hMBClLdA/ pUC19, hMBClLeA/ 
pUC19 and hMBClLfA/pUC19, respectively. These plasmids were digested with EcoRI, a 
fragment containing DNA encoding the humanized L chain was introduced into the EcoRI site 
of plasmid pCOSl so that the start codon of the humanized L chain might be located 
downstream the EFla promoter. The thus obtained plasmids were designated as in order 
hMBClLdAypCOSl, hMBClLe?,/pCOSl and hMBClLfA/pCOSl, respectively. 

Versions "g" and "h" were prepared using the mutagenesis by the PCR method. The 
versions "g" and "h" were designed so that histidine at the 36th position (the 36th position of 
the amino acid number according to Kabat designation) in the versions "a" and "d" in this 
order might be changed to tyrosine. PCR was performed with hMBClLaA/pUC19 as a 
template using mutagenic primer MBC1LGP9R (SEQ ID No. 39) and M13 Primer RV, and 
PCR was further performed with plasmid hMBClLaA/pUC19 as a template using the obtained 
PCR products and M13 Primer M4 as primers. The obtained DNA fragments were digested 
with Hindm and Blnl, and subcloned into a CA/pUC19 which was prepared by digestion with 
Hindm and Blnl. PCR was performed with this plasmid as a template using MBC1LGP13R 
(SEQ ID No. 40) and MBC1LVS1 as primers. The obtained PCR fragments were digested 
with Apal and Hindlll, and introduced into plasmid hMBClLaA,/pUC19 and hMBClLdA, 
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/pUC19 which was digested with Apal and HindDI. The nucleotide sequence was 
determined, and plasmids containing the correct sequences were designated as 
hMBClLgA/pUC19 and hMBClLhA/pUC19 in order, these plasmids were digested with 
restriction enzyme EcoRI and the sequence containing a sequence encoding the humanized L 
chain was introduced into the EcoRI site of plasmid pCOSl so that the start codon of the 
humanized L chain might be located downstream the EFlcc promoter. The thus obtained 
plasmids were designated in order as hMBClLgAypCOSl and hMBClLhA/pCOS 1, 
respectively. 

Versions "i", "j", M k", T', "m", "n", and "o" were prepared using the mutagenesis by the 
PCR method. PCR was performed with plasmid hMBClLgA/pUC19 as a template using 
mutagenic primer MBC1LGP14S (SEQ ID No. 41) and primer V1RV (X) (SEQ ID No. 43), 
and the obtained DNA fragments were digested with Apal and Blnl, and subcloned into 
plasmid hMBClLgA/pUC19 prepared by digesting with Apal and Blnl. After the nucleotide 
sequence was determined, and the clones into which the mutation corresponding to each 
version was introduced were selected. The obtained plasmids were designated as 
hMBClLx^/pUC19 (x=i, j, k, 1, m, n, o), and subjected to EcoRI digestion, and a sequence 
containing a sequence which encodes the humanized L chain was introduced into the EcoRI 
site of plasmid pCOSl so that the start codon of the humanized L chain might be located 
downstream the EFla promoter. The obtained plasmids were designated as 
hMBClLxA/pCOSl (x=i, j, k, 1, m, n, o). The nucleotide sequence (including corresponding 
amino acid) of versions "j", "1", "m" and "o" are shown in the SEQ ED Nos. 67, 68, 69 and 70, 
respectively. In addition, the amino acid sequences of these versions are shown in the SEQ 
ID Nos. 48, 49, 50 and 51, respectively. 

Version M p", "q", V, "s" and "t" are the version in which tyrosine at the 87th position 
of the amino acid sequence of version "i", "j", "m", "1", or "o" is replaced by isoleucine, and 
the restriction enzyme Aor51MI cleaving site in FR3 is used to link version "h" to each 
version "i", "j", "m", "1", or "o". Namely, in the expression plasmids hMBClLxA/pCOSl 
(x=i, j, m, 1, o), Aor51HI fragment of 514 bp containing CDR3, a part of FR3, and FR4 is 
removed and linked here to Aor51HI fragment of 514 bp containing CDR3, a part of FR3, and 
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FR4 in the expression plasmid hMBClLhA/pCOSl so that tyrosine at the 91st position (the 
87th position of the amino acid number according to Kabat designation) might be changed to 
isoleucine. The nucleotide sequence were determined and the clones of each version "i", "j", 
"m", "1" and "o" in which tyrosine at the 91st position (the 87th position of the amino acid 
number according to Kabat designation) is replaced by isoleucine were selected and the 
corresponding version was designated as "p", "q", "s", "r", and "t", respectively, and the 
obtained plasmids were designated as hMBClLxAypCOSl (x=p, q, s, r, t). The nucleotide 
sequences (including the corresponding amino acids) of version "q", "r", "s" and "t" are shown 
in SEQ ID Nos. 71, 72, 73 and 74, respectively. In addition, the amino acid sequences of 
each of these versions are shown in SEQ ED Nos. 52, 53, 54, and 55, respectively. 

The plasmid hMBClLqX/pCOSl was digested with Hindm and EcoRI and subcloned 
into the plasmid pUC19 which was digested with HindDI and EcoRI, and was designated as 
plasmid hMBClLq?,/pUC19. 

The positions of the substituted amino acid in each version of the humanized L chain 
are shown in Table 2. 
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Table 2 



Positions of the substituted amino acids in the sequence listing 



Version 
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In the table, Y represents tyrosine, P represents proline, K represents lysine, V 
represents varine, D represents aspartic acid and I represents isoleucine. 

E. coli which having above-mentioned plasmid hMBClHcDNA/pUC19 and 
hMBClLqX/pUC19 were internationally deposited as Escherichia coli JM109 
(hMBClHcDNA/pUC19) and Escherichia coli JM109 (hMBClI^/pUC19) on August 15, 
1996 under the Budapest Treaty with International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology, an Independent Administrative 
Institution, located at Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan under 
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accession number FERM BP-5629 for Escherichia coli JM109 (hMBClHcDNA/pUC19) and 
FERM BP-5630 for Escherichia coli JM109(hMBClLqX/pUC19). 

(5) Transfection to COS-7 cell 

In order to evaluate the antigen binding activity and neutralization activity of the hybrid 
antibody and humanized #23-57-137-1 antibody, the above-mentioned expression plasmid was 
made to express transiently in COS-7 cell. That is, in the transient expression of L chain 
hybrid antibody, combinations of plasmids hMBClHcDNA/pCOSl and h/mMBClL(X)/neo, 
hMBClHcDNA/pCOSl and m/hMBClLaAyneo, hMBClHcDNA/pCOSl and 
m/hMBClLdA/neo, hMBCl HcDNA/pCOSl and hmmMBClL(;g/neo or 
hMBClHcDNA/pCOSl and mhmMBClL(A,)/neo were simultaneous transduced into COS-7 
cell by electroporation using Gene Pulser equipment (Bio Rad). Ten (10) \ig of each plasmid 
DNA was added to 0.8 ml of COS-7 cells suspended by cell concentration of IxlO 7 cell/ ml in 
PBS (-), and the pulse was given by the capacitance of 1,500V and 25 pp. 

After maintained at room temperature for 10 minutes to restore, the cells which had 
been subjected to electroporation treatment was suspended to DMEM culture solution 
(GIBCO) containing 2% of Ultra Low IgG Fetal Bovine Serum (GIBCO), and were cultured 
in CO2 incubator using a 10 cm culturing plate. Culture supernatant was collected after 
culturing of 72 hours, the cell fragments were centrifugally removed, and the samples were 
subjected to ELISA. 

In transient expression of humanized #23-57-137-1 antibody, transfection of the 
combination of plasmid hMBCl HcDNA/pCOSl and hMBCl LxX/pCOSl (x=a to t) to COS-7 
cell was carried out using Gene Pulser equipment (Bio Rad) in the same manner as in the case 
of the above-mentioned hybrid antibody, and the obtained culture supernatants were subjected 
to ELISA. 

In addition, purification of the hybrid antibody or the humanized antibody from the 
culture supernatant of COS-7 cell was performed using the AffiGel Protein A MAPSE kit 
(BioRad) according to the instructions appended to the kit. 

(6) ELISA 

(i) Measurement of antibody concentration 
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The ELISA plate used for antibody concentration measurement was prepared as 
follows. Each well of a 96 well plate for ELISA (Maxisorp, NUNC) is coated with 100 \A of 
goat anti-man IgG antibody (TAGO) adjusted to a concentration of 1 jag/ml with the coating 
buffer (0.1M NaHC03, 0.02% NaN3), and blocked with 200 jal of a dilution buffer (50 mM 
Tris-HCl, 1 mM MgCl 2 , 0.1 M NaCl, 0.05% Tween20, 0.02% NaN3 and 1% bovine serum 
albumin (BSA), pH 7.2). The culture supernatant of the COS-7 cells in which hybrid 
antibody or humanized antibody was expressed or the purified hybrid antibody or the 
humanized antibody was stepwise diluted and added to each well. After the plate was 
incubated at room temperature for 1 hour and washed with PBS-Tween20, 100 jil of alkaline 
phosphatase (TAGO) conjugated goat anti-man IgG antibody was added. After the plate was 
incubated at room temperature for 1 hour and washed with PBS-Tween20, 1 mg/ml of a 
substrate solution (Sigma 104, p-nitrophenylphosphate, SIGMA) was added, and 405 nm 
absorption was then measured on a micro plate reader (Bio Rad). As the standard for 
concentration measurement, Hu IgG IX Purified (The Binding Site) was used. 

(ii) Measurement of antigen binding ability 

The ELISA plate for antigen binding measurement was prepared as follows. Each 
well of a 96 well plate for ELISA was coated with 100 jul of human PTHrP(l-34) adjusted to 1 
jig/ml concentration by the coating buffer. After blocking with 200 jal of the dilution buffer, 
the culture supernatant of the COS-7 cells in which hybrid antibody or humanized antibody 
was expressed or the purified hybrid antibody or the humanized antibody was stepwise diluted 
and added to each well. After the plate was incubated at room temperature and washed with 
PBS-Tween20, 100 of alkaline phosphatase (TAGO) conjugated goat anti-man IgG 
antibody was added. After the plate was incubated at room temperature and washed with 
PBS-Tween20, 1 mg/ml of a substrate solution (Sigma 104, p-nitrophenylphosphate, SIGMA) 
was added, and 405 nm absorption was then measured on a micro plate reader (Bio Rad). 
(7) Confirmation of activity 

(i) Evaluation of humanized H chain 

The antibody in which humanized H chain version "a" was combined with a chimera L 
chain had a PTHrP binding ability equivalent to that of the chimeric antibody. This result 
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shows that version "a" is sufficient for forming a humanized of V domain of the H chain. 
Hereinafter, humanized H chain version "a" was provided as H chain of the humanized 
antibody. 

(ii) Activity of hybrid antibody 
(ii-a) FR 1, 2/FR3, 4 hybrid antibody 

Although the activity was not recognized at all when L chain was h/mMBCIL (A.), in 
the case of m/hMBClLaX or m/hMBClLdA,, the binding activity equivalent to chimera 
#23-57-137-1 antibody was exhibited. These results suggest that although FR 3, 4 are 
satisfactory as a humanized antibody, there is amino acid residue(s) which should be replaced 
in FR1, 2. 

(ii-b) FR1 / FR2 hybrid antibody 

Although activity was not accepted at all when L chain was mhmMBCIL (X) > in the 
case of hmmMBClLCX,), binding activity equivalent to chimera #23-57-137-1 antibody was 
exhibited. These results suggest that among FR1 and 2, FR1 is satisfactory as a humanized 
antibody but there is amino acid residue(s) which should be replaced in FR2. 

(iii) Activity of humanized antibody 

Antigen binding activity was measured for humanized antibodies in which either one of 
version "a" to "t" was used as an L chain respectively. Consequently, the humanized 
antibody which has L chain version "j", "1", "m", "o", "q M , V, "s" and "t" exhibited PTHrP 
binding ability equivalent to a chimeric antibody. 
(8) Establishment of stably producing CHO cell line 

In order to establish a cell line stably producing a humanized antibody, the 
above-mentioned expression plasmid was introduced into the CHO cell (DXB1 1). 

That is, establishment of stably producing a humanized antibody is effected by 
simultaneous transducing the combination of expression plasmid for CHO cells expression 
plasmid hMBCl HcDNA/pCHOl and hMBClLml/pCOSl or hMBCl HcDNA/pCHOl and 
hMBCl LqVpCOSl, or hMBClHcDNA/pCHOl and hMBClLr^/pCOSl into CHO cells by 
electroporation using Gene Pulser equipment (Bio Rad). Each expression vector was cleaved 
with a restriction enzyme Pvul to form a linear DNA, and after phenol and chloroform 
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extraction, the DNA was collected by ethanol precipitation and used for electroporation. Ten 
(10) jag each of plasmid DNA was added to 0.8 ml of CHO cells suspended at a cell 
concentration of lxlO 7 cell/ml in PBS (-), and the cells were pulsed at a capacitance of 1,500V 
and 25 jiF. After allowed to recover at room temperature for 10 minutes, the electroporated 
cells were suspended in a MEM-a culture medium (GIBCO) supplemented with 10% of Fetal 
Bovine Serum (GIBCO) and cultured in a CO2 incubator using a 96 well plates (Falcon). 
The culture medium was replaced by a selection culture medium which is MEM-a culture 
medium supplemented with 10% Fetal Bovine Serum (GIBCO) and 500 mg/ml GENETICIN 
(G418Sulfate, GIBCO) and free from ribonucleosides and deoxyribonucleosides on the next 
day after starting the culturing, and the cells into which the antibody gene was introduced were 
selected. In about two weeks after the selection culture medium was replaced, the cells were 
observed under the microscope and after favorable cell proliferation was recognized, the 
amount of antibody production was measured by the above-mentioned antibody concentration 
measurement ELISA, and the cells with much antibody production were selected. 

Culturing of the established cell line which was capable of stably establishing an 
antibody was expanded, and the roller bottle performed extensive culturing using MEM-a 
culture medium supplemented with 2% of the Ultra Low IgG Fetal Bovine Serum, and free 
from ribonucleoside and deoxyribonucleoside. Culture supernatant were collected on day 3 
or 4 of the culturing, and cell debris was removed with a 0.2-micrometer filter (Millipore). 
Purification of the humanized antibody from culture supernatant of a CHO cell was performed 
according to the appended instructions using POROS protein A column (PerSeptive 
Biosystems) by ConSep LCI 00 (Millipore), and measurement of neutralization activity and 
the efficacy for a hypercalcemia model animal were presented. The concentration and 
antigen binding activity of a purification humanized antibody which were obtained were 
measured by the above-mentioned ELISA system. 
[Referential Example 5] Measurement of neutralization activity 

Measurement of the neutralization activity of a mouse antibody, a chimeric antibody, 
and a humanized antibody was performed using rat osteosarcoma cell line ROS 17/2.8-5 cells. 
That is, ROS 17/2.8-5 cells were cultured in Ham'S F-12 culture medium (GIBCO) which 
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contains Fetal Bovine Serum (GIBCO) 10% in a C0 2 incubator. ROS 17/2.8-5 cells were 
seeded on 96 well plate in 10 4 cells/100 jal/well and cultured for one day, and the medium was 
exchanged to Ham'S F-12 culture medium (GIBCO) which contains 4 mM Hydrocortisone 
and 10% Fetal Bovine Serum. After culturing for further 3 to 4 days, it was washes with 260 
^il of Ham'S F-12 culture medium (GIBCO) and 80 \xl of Ham 1 s F-12 containing 1 mM of 
isobutyl-1 -methyl xanthine (DBMX, SIGMA) and 10% of Fetal Bovine Serum and 10 mM of 
HEPES was added, and incubation was carried out at 37°C for 30 minutes. 

The mouse antibody, chimeric antibody, or humanized antibody for which 
neutralization activity was to be measured were diluted stepwise beforehand to a group of 10 
|ng/ml, 3.3 ng/ml, 1.1 |-ig/ml and 0.37 jxg/ml, a group of 10 |ig/ml, 2 jag/ml, 0.5 jig/ml and 0.01 
fig/ml, a group of 10 i-ig/ml, 5 ng/ml, 1.25 ng/ml, 0.63 ng/ml and 0.31 ng/ml and mixed with 
PTHrP (1-34) in equivalent amount, which was adjusted to 4 ng/ml, and 80 pi each of the 
mixture solution of each antibody and PTHrP (1-34) was added to each well. The final 
concentration of each antibody decreased to 1/4 of the above-mentioned antibody 
concentration, and the concentration of PTHrP (1-34) was 1 ng/ml. After treating at room 
temperature for 10 minutes, culture supernatant is discarded, and after washing 3 times with 
PBS, cAMP in a cell was extracted in 100 fil of 95% ethanol containing 0.3% hydrochloric 
acid. The hydrochloric acid ethanol was evaporated in stream aspirator, 120 jj! of EIA buffer 
appended to cAMP EIA kit (CAYMAN CHEMICAL'S) was added, and cAMP was measured 
after extracting cAMP according to the instructions appended to cAMP EIA kit (CAYMAN 
CHEMICAL'S). Consequently, among the L chain versions having antigen binding activity 
equivalent to a chimeric antibody, versions " q", "r", "s" and "t" in which tyrosine at the 91st 
position was replaced by isoleucine exhibited neutralization ability comparable to that of a 
chimeric antibody and among them, version "q" exhibited the highest neutralization ability. 

It should be noted that all the publications, patents and patent applications cited in this 
specification are incorporated herein by reference. 
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Industrial Applicability 

According to the present invention, an agent for treating chondroma and 
chondrosarcoma which contains a substance which inhibits binding of parathyroid hormone 
related peptide and a receptor thereof as an active ingredient is provided. The agent of the 
present invention controls chondroma and chondrosarcoma by inducing apoptosis of 
chondroma and chondrosarcoma cells. 
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SEQ ID No. 18 - description of artificial sequence: synthetic DNA 
SEQ ID No. 19 - description of artificial sequence: synthetic DNA 
SEQ ID No. 20 - description of artificial sequence: synthetic DNA 
SEQ ID No. 21 - description of artificial sequence: synthetic DNA 
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SEQ ID No. 22 - description of artificial sequence: synthetic DNA 
SEQ ID No. 23 - description of artificial sequence: synthetic DNA 
SEQ ID No. 24 - description of artificial sequence: synthetic DNA 
SEQ ID No. 25 - description of artificial sequence: synthetic DNA 
SEQ ID No. 26 - description of artificial sequence: synthetic DNA 
SEQ ID No. 27 - description of artificial sequence: synthetic DNA 
SEQ ID No. 28 - description of artificial sequence: synthetic DNA 
SEQ ID No. 29 - description of artificial sequence: synthetic DNA 
SEQ ID No. 30 - description of artificial sequence: synthetic DNA 
SEQ ID No. 31 - description of artificial sequence: synthetic DNA 
SEQ ID No. 32 - description of artificial sequence: synthetic DNA 
SEQ ID No. 33 - description of artificial sequence: synthetic DNA 
SEQ ID No. 34 - description of artificial sequence: synthetic DNA 
SEQ ID No. 35 - description of artificial sequence: synthetic DNA 
SEQ ID No. 36 - description of artificial sequence: synthetic DNA 
SEQ ID No. 37 - description of artificial sequence: synthetic DNA 
SEQ ID No. 38 - description of artificial sequence: synthetic DNA 
SEQ ID No. 39 - description of artificial sequence: synthetic DNA 
SEQ ID No. 40 - description of artificial sequence: synthetic DNA 
SEQ ID No. 41 - description of artificial sequence: synthetic DNA 
SEQ ID No. 42 - description of artificial sequence: synthetic DNA 
SEQ ID No. 43 - description of artificial sequence: synthetic DNA 
SEQ ID No. 44 - description of artificial sequence: synthetic DNA 
SEQ ID No. 76 - description of artificial sequence: synthetic DNA 
SEQ ID No. 77 - description of artificial sequence: synthetic DNA 
SEQ ID No. 78 - description of artificial sequence: synthetic DNA 
SEQ ID No. 79 - description of artificial sequence: synthetic DNA 
SEQ ID No. 80 - description of artificial sequence: synthetic DNA 
SEQ ID No. 81 - description of artificial sequence: synthetic DNA 
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SEQ ID No. 82 - description of artificial sequence: synthetic DNA 
SEQ ID No. 83 - description of artificial sequence: synthetic DNA 
SEQ ID No. 84 - description of artificial sequence: synthetic DNA 
SEQ ID No. 85 - description of artificial sequence: synthetic DNA 



68 



